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Description 

This invention relates to pulsed droplet deposition 
apparatus. Typical of this kind of apparatus are pulsed 
droplet ink jet printers, often also referred to as "drop- 
on-demand" ink jet printers. Such printers are known, 
for example, from United States patent specifications 
3,946,398 (Kyser & Sears), 3,683,212 (Zoitan) and 
3,747,120 (Stemme). In these specifications an inkor 
other liquid channel is connected to an ink ejection 
nozzle and a reservoir of the liquid employed. A pie- 
zo-electric actuator forms part of the channel and is 
dispiaceabie in response to a voltage puise and con- 
sequently generates a pulse in the liquid in the chan- 
nel due to change of pressure therein which causes 
ejection of a liquid droplet from the channel. 

The configuration of piezo-electric actuator 
employed by Kyser and Sears and Stemme Is a diap- 
hragm in flexure whilst that of Zoitan takes the form of 
a tubular cylindrically poled piezo-electric actuator. A 
flexura! actuator operates by doing significant internal 
work during flexure and is accordingly not efficient It 
is also not ideally suitable for mass production 
because fragile, thin layers of piezo-electric material 
have to be cut, cemented as a bimorph and mounted 
in the liquid channel. The cylindrical configuration also 
generates internal stresses, since it is in the form of 
a thick cylinder and the total work done per ejected 
droplet is substantial because the amount of piezo- 
electric material employed is considerable. The out- 
put impedance of a cylindrical actuator also proves 
not to be well matched to the output impedance pre- 
sented by the liquid and the nozzle aperture. Both 
types of actuator, further, do not readily lend themsel- 
ves to production of high resolution droplet deposition 
apparatus in which the droplet deposition head is for- 
med with a multi-channel array, that is to say a droplet 
deposition head with a multiplicity of liquid channels 
communicating with respective nozzles. 

Another form of pulsed droplet deposition 
apparatus is known from United States patent speci- 
fication 4,584,590 (Fishbeck & Wright). This speci- 
fication discloses an array of pulsed droplet 
deposition devices operating in shear mode in which 
a series of electrodes provided on a sheet of piezo- 
electric material divides the sheet into discrete 
deformable sections extending between the elec- 
trodes. The sheet is poled in a direction normal 
thereto and deflection of the sections takes place in 
the direction of poling. Such an array is difficult to 
make by mass-production techniques. Further it does 
not enable a particularly high density array of liquid 
channels to be achieved as is required in apparatus 
where droplets are to be deposited at high density, as 
for example, in high quality pulsed droplet, ink jet prin- 
ters. 

It is accordingly one object of the present inven- 
tion to provide single or multi-channel pulsed droplet 



deposition apparatus in which the piezo-electric 
actuator means are of improved efficiency and are 
better matched in the channel - or as the case may 
be, each channel to the output impedance of the liquid 

5 and nozzle aperture. Another object is to provide a 
pulsed droplet deposition apparatus with piezo-elec- 
tric actuator means which readily lends itself to mass 
production. A still further object is to provide a pulsed 
droplet deposition apparatus which can be manufao 

10 tured, more easily than the known constructions refer- 
red to, in high density multi-channel array form. Yet a 
further object is to provide a pulsed droplet deposition 
apparatus in multi-channel array form in which a 
higher density of channels, e.g. two or more channels 

is per millimetre, can be achieved than in the known con- 
structions referred to. 

The present invention consists in a pulsed droplet 
deposition apparatus characterised in that a liquid 
droplet ejection nozzle, a pressure chamber with 

20 which said nozzle communicates and from which said 
nozzle is supplied with liquid for droplet ejection, a 
shear mode actuator comprising poled piezo-electric 
material and electrode means for applying an electric 
field thereto, and liquid supply means for replenishing 

25 in said chamber liquid expelled from said nozzle by 
operation of said actuator, characterised in that said 
actuator is disposed so as to be able under an electric 
field applied between said electrode means to move 
in relation to said chamber in shear mode in the direc- 

30 tion of said field to change the liquid pressure in said 
chamber and thereby cause droplet ejection from said 
nozzle. 

Suitably said chamber has a side wall of which 
said actuator forms a part at least, the liquid of said 
35 chamber and said actuator being thereby closely 
coupled. 

Advantageously, said chamber is of generally 
rectangular cross-section formed by a pair of opposed 
longer walls and a pair of opposed shorter side walls 

40 and said actuator provides part at least of one of said 
longer side walls. 

In one form of the invention said chamber com- 
prises a channel and is characterised in that said 
shear mode actuator is provided in a wall of piezo- 

45 electric material having inner and outer faces extend- 
ing alongside said channel and said electrode means 
comprise electrodes which are provided on and 
extend over substantial parts of said wall faces for 
applying an electric field in a direction transversely to 

so said wall faces, said piezo-electric material being dis- 
posed so as to be dispiaceabie in shear mode in the 
direction of said field transversely to said channel to 
cause droplet ejection from said nozzle. Suitably, said 
actuator wall extends a substantial part of the length 

55 of said channel from said nozzle. In one preferred ver- 
sion, said actuator wall has opposite substantially par- 
allel edge surfaces extending normal to said inner and 
outer wall faces along which it is connected to said 
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channel in liquid tight manner, one of said edge sur- 
faces being rigidly connected to said channel and a 
compliant sealing strip connecting the other of said 
edge surfaces to said channel. Advantageously said 
channel is of rectangular cross-section having 5 
opposed top and base walls and opposed side walls, 
one of said side walls providing said actuator wall, and 
is characterised in that said side and base wails are 
formed from a single piece of material including pie- 
zoelectric material. 10 

In afurtherform of the invention said actuator wall 
is formed with upper and lower oppositely orientated 
parts and opposite edge surfaces of said actuator wall 
which extend normal to said inner and outer faces 
thereof and lengthwise of said channel are secured to 15 
said channel in liquid tight manner whereby said 
applied electric field serves to deflect said actuator 
wall transversely to said channel. 

Suitably, said actuator wall is formed with an inac- 
tive part intermediate said oppositely orientated parts. 20 

In anotherform of the Invention said actuator wall 
of piezo-electric material is formed with opposite edge 
surfaces extending normal to said inner and outer 
faces and lengthwise of said channel which are sec- 
ured to said channel and said field electrodes com- 25 
prise two pairs of opposed electrodes, one electrode 
of each pair being provided on and extending 
lengthwise of each of said inner and outer wall faces 
and said electrodes on the same face of each of said 
wall faces being spaced apart transversely thereof, 30 
whereby fields in respective opposite senses can be 
imparted to said actuator wall between the electrodes 
of each of said pairs of opposed electrodes to deflect 
said actuator wall transversely to said channel. 

Suitably, said actuator wall is formed with upper 35 
and lower parts and with an inactive part between said 
upper and lower parts. 

In another embodiment, the invention consists In 
a pulsed droplet deposition apparatus comprising a 
liquid droplet ejection nozzle, a pressure chamber 40 
with which said nozzle communicates and from which 
said nozzle is supplied with liquid for droplet ejection, 
a shear mode actuator comprising piezo-electric ma- 
terial and electrode means for applying an electric 
field thereto, and liquid supply means for replenishing 45 
in said chamber liquid expelled from said nozzle by 
operation of said actuator, characterised in that said 
actuator comprises unpoled crystalline material orien- 
tated for shear mode displacement, under an electric 
field applied by way of said electrode means, trans- so 
versely to said field and is disposed so as to be able 
to move in relation to said chamber under said applied 
field to change the pressure in the chamber and 
thereby cause drop ejection from said nozzle. 

Preferably, said shear mode actuator is a wall of 55 
piezo-electric material having inner and outer faces 
extending alongside said channel and said electrodes 
are disposed normal to said faces for applying an 



electric field in a direction lengthwise of said wall, said 
piezo-electric material being orientated so as to be 
displaceable in shear mode in a direction transversely 
to said field direction and to said channel to cause 
droplet ejection from said nozzle. Suitably, said 
actuator wall is formed with upper and lower oppo- 
sitely orientated parts and opposite edge surfaces of 
said actuator wall which extend normal to said inner 
and outer faces thereof and lengthwise of said chan- 
nel are secured to said channel in liquid tight manner 
whereby said applied electric field serves to deflect 
said actuator wall parts transversely to said channel. 

Advantageously, each of said upper and lower 
wall parts is provided with a series of electrodes cor- 
respondingly spaced along the length of said wall, 
each disposed normal to said inner and outer wall 
faces and alternate electrodes in each series are elec- 
trically connected for application of electric fields in 
opposite senses in the lengthwise direction of said 
wall between successive electrodes, the field direc- 
tions in adjoining parts of the upper and lower wall 
parts between corresponding pairs of electrodes in 
the series of the upper and the series of the lower wall 
part being opposed. 

There is for many applications a need to produce 
multi-channel array pulsed droplet deposition 
apparatus. The attraction of using piezo-electric 
actuators for such apparatus is their simplicity and 
their comparative energy efficiency. Efficiency 
requires that the output impedance of the actuators is 
matched to that of the liquid in the associated chan- 
nels and the corresponding nozzles apertures. An 
associated requirement of multi-channel arrays is that 
the electronic drive voltage and current match avail- 
able, low cost, large scale integrated silicon chip 
specifications. Also, it is advantageous to construct 
drop deposition heads having a high linear density, 
i.e. a high density of liquid channels per unit length of 
the line of droplets which the head is capable of 
depositing, so that the specified deposited droplet 
density is obtained with at most one or two lines of 
nozzle apertures. A further requirement is that multi- 
channel array droplet deposition heads shall be cap- 
able of mass production by converting a single 
piezo-electric part into several hundred or thousand 
individual channels in a parallel production process 
stage. 

It has already been mentioned that the energy 
efficiency of a cylindrical actuator is not sufficiently 
good. Mass production of apparatus employing 
flexural actuators in arrays of sufficiently high density 
is not feasible. Also, sufficiently high density arrays 
are not achievable in known shear mode operated 
systems. The further requirements referred to of mul- 
ti-channel droplet deposition heads are also not satis- 
factorily met by flexural or cylindrical forms of 
actuator. It is accordingly a further object of the inven- 
tion to provide an improved multi-channel array 
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pulsed droplet deposition apparatus and method of 
making the same in which the requirements referred 
to are better accomplished than in known construc- 
tions. 

Accordingly, the present invention further con- s 
sists in a multi-channel array, pulsed droplet deposi- 
tion apparatus, characterised by opposed top and 
base walls and shear mode actuator walls of piezo- 
electric material extending between said top and base 
walls and arranged in pairs of successive actuator 10 
walls to define a plurality of separated liquid channels 
between the walls of each of said pairs, a nozzle 
means providing nozzles respectively communicating 
with said channels, liquid supply means for supplying 
liquid to said channels for replenishment of droplets 15 
ejected from said channels and field electrode means 
provided on said actuatorwalls for forming respective 
actuating fields therein, said actuator walls being so 
disposed in relation to the direction of said actuating 
fields as to be laterally deflected by said respective 20 
actuating fields to cause change of pressure in the 
liquid in said channels to effect droplet ejection there- 
from. Suitably, said channels are separated by less 
than the width of a channel. Each channel can be 
divided longitudinally thereof into two channels by an 25 
inactive wall which extends between said top and 
base walls and normal thereto. 

In one form of the array, said piezo-electric ma- 
terial is a piezo-electric ceramic material, such as lead 
zirconium titanate (PZT), poled in the direction normal 30 
to said top and base wails and said electrode means 
comprise electrode means provided on opposite 
faces of said actuator walls disposed normal to said 
top and base walls. 

In another form of the array, said piezo-electric 35 
material is a crystalline material, such as gadolinium 
molybdate or Rochelle salt and said electrode means 
comprise electrodes disposed normal to said actuator 
walls and to said channels. 

The invention further consists in a method of mak- 40 
tng a multi-channel array pulsed droplet deposition 
apparatus, characterised by the steps of forming a 
base wall with a layer of piezo-electric material ; form- 
ing a multiplicity of parallel grooves in said base wall 
which extend through said layer of piezo-electric ma- 45 
terial to afford walls of piezo-electric material between 
successive grooves, pairs of opposing walls defining 
between them respective liquid channels ; locating 
electrodes in relation to said walls so that an electric 
field can be applied to effect shear mode displace- so 
ment of said walls transversely to said channels ; con- 
necting electrical drive circuit means to said 
electrodes ; securing a top wall to said walls to close 
said liquid channels and providing nozzles and liquid 
supply means for said liquid channels. 55 

In one form the method of the invention may 
further be characterised by providing two layers of 
piezo-electric material on said base wall and forming 



said grooves so as to extend through both of said 
layers to provide said upright walls, with upper and 
lower parts of each of said upright walls adapted when 
said electrodes are disposed relatively thereto and 
subjected to electric fields to deflect in shear mode in 
the same direction transversely to said channels. 

In another form the method of the invention is 
characterised by providing a layer of piezo-electric 
material on each of said base and top walls, forming 
at corresponding spacings in each of said layers of 
piezo-electric material a multiplicity of parallel 
grooves to provide upstanding walls on said base wall 
and on said top wall and securing said top wall to said 
upright walls of the base wall by securing said upright 
walls formed on said top wall to corresponding upright 
walls of said upright walls formed on said base wall, 
the upright walls on the top wall and the upright walls 
on the base wall being adapted so that when an elec- 
tric field is applied thereto at said electrodes the 
upright walls of said top and base walls deflect in the 
same direction transversely to said channels. 

Suitably, an upright inactive wali can be provided 
between the walls of each of said pairs of walls bet- 
ween which said channels are disposed, thereby to 
divide each of said channels longitudinally into two 
channels. 

The invention will now be described, by way of 
example, with reference to the accompanying diag- 
rammatic drawings, in which : 

FIGURE 1(a) is a sectional side elevation of one 
embodiment of single channel pulsed droplet 
deposition apparatus in the form of a single chan- 
nel pulsed ink droplet printhead ; 
FIGURE 1(b) is a cross-sectional elevation of the 
printhead of Figure 1(a) taken on the line A-A of 
that figure ; 

FIGURE 1(c) is a view similar to Figure 1(b) show- 
ing the printhead in the condition where a voltage 
impulse is applied to the ink channel thereof ; 
FIGURES 2(a) and 2(b) are cross-sectional ele- 
vations of a second embodiment of the printhead 
of the previous figures, Figure 2(a) showing the 
printhead before, and Figure 2(b) showing the 
printhead at the instant of application of an 
Impulse to the ink channel thereof ; 
FIGURES 3(a) and 3(b) and FIGURES 4(a) and 
4(b) are cross-sectional elevations similar to Fig- 
ures 2(a) and 2(b) of respective third and fourth 
embodiments of the printhead of the earlier fig- 
ures ; 

FIGURES 5(a) and 5(b) illustrate a modification 
applicable to the embodiments of Figures 1(a), 
1(b) and 1(c) and Figures 4(a) and 4(b) ; 
FIGURE 6(a) is a perspective view illustrating the 
behaviour of a different type of piezo-electric ma- 
terial from that employed in the embodiments of 
the earlier figures ; 

FIGURE 6(b) illustrates how field electrodes may 
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be employed with the material of Figure 6(a) ; 
FIGURE 7 Is a sectional plan view of a modifi- 
cation applicable to the embodiments of the 
invention illustrated in the previous figures of 
drawings ; 

FIGURE 8 is a cross-section of a modified prin- 
thead according to this invention ; 
FIGURE 9(a) is a sectional end elevation of a 
pulsed droplet deposition apparatus in the form of 
a multi-channel array pulsed ink jet printhead ; 
FIGURE 9(b) is a sectional plan view on the line 
B-B of Figure 9(a); 

FIGURE 10(a) is a view similar to Figure 9(a) of 
a modification of the array printhead of that Fig- 
ure; 

FIGURE 10(b) is a view showing one arrange- 
ment of electrode connections employed in the 
array printhead of Figure 10(a) ; and 
FIGURE 1 1 is a partly diagrammatic perspective 
view illustrating a still further modification. 
In the Figures, like parts are accorded the same 
reference numerals. 

Referring first to Figures 1(a), 1(b) and 1(c), a 
single channel pulsed ink droplet printhead 10 con- 
sists of a base wall 20 and a top or cover wall 22 bet- 
ween which a single ink channel 24 is formed 
employing a sandwich construction. The channel is 
closed by a rigid wall 26 on one side and a shear mode 
wall actuator 30 on the other. Each of the walls 26 and 
30 and the base and cover wails 20 and 22 extend the 
full length of the channel 24, 

The shear-mode actuator consists of a wall 30 of 
piezo-electric ceramic material, suitably, lead zir- 
conium titanate (PZT), poled in the direction of the 
axis Z, see Figure 1(b). The wall 30 is constructed in 
upper and lower parts 32 and 33 which are respect- 
ively poled in opposite senses as indicated by the 
arrows 320 and 330 in Figure 1(c). The parts 32 and 
33 are bonded together at their common surface 34 
and are rigidly cemented to the cover and base walls. 
The parts 32 and 33 can alternatively be parts of a 
monolithic wail of piezo-electric material, as will be 
discussed. The faces 35 and 36 of the actuator wall 
are metallised to afford metal electrodes 38, 39 cov- 
ering substantially the whole height and length of the 
actuator wall faces 35 and 36. 

The channel 24 formed in this way is closed at 
one end by a nozzle plate 41 in which nozzle 40 is for- 
med and at the other end an ink supply tube 42 is con- 
nected to an ink reservoir 44 (not shown) by a tube 46. 
Typically, the dimensions of the channel 24 are 20- 
200 jim by 100-1000 urn in section and 10-40 mm in 
length, so that the channel has a long aspect ratio. 
The actuator wall forms one of the longer sides of the 
rectangular cross-section of the channel. 

The wall parts 32 and 33 each behave when sub- 
jected to voltage V as a stack of laminae which are 
parallel to the base wail 20 and top or cover wall 22 



and which are rotated in shear mode about an axis at 
the fixed edge thereof, the cover wall in the case of 
wall part 32 and the base wall in the case of wail part 
33, which extends lengthwise with respect to the wall 

s 30. This produces the effect that the laminae move 
transversely increasingly as their distance from the 
fixed edge of the stack increases. The wall parts 32 
and 33 thus deflect to a chevron disposition as depic- 
ted in Figure 1(c). 

10 The single channel printhead 1 0 described is cap- 

able of emitting ink droplets responsivety to applying 
differential voltage pulses V to the shear mode 
actuator electrodes 38, 39. Each such pulse sets up 
an electric field in the direction of the Y axis in the two 

is parts of the actuator wall, normal to the poled Z axis. 
This develops shear distortion in the piezo-electric 
ceramic and causes the actuator wall 30 to deflect in 
the Y axis direction as illustrated in Figure 1 (c) into the 
ink jet channel 24. This displacement establishes a 

20 pressure in the ink the length of the channel. Typically 
a pressure of 30-300 kPa is applied to operate the 
printhead and this can be obtained with only a small 
mean deflection normal to the actuator wall since the 
channel dimension normal to the wall is also small. 

25 Dissipation of the pressure developed in this way 
in the ink, provided the pressure exceeds a minimum 
value, causes a droplet of ink to be expelled from the 
nozzle 40. This occurs by reason of an acoustic press- 
ure step wave which travels the length of the channel 

30 to dissipate the energy stored in the ink and actuator. 
The volume strain or condensation as the pressure 
wave recedes from the nozzle develops a flow of ink 
from the nozzle outlet aperture for a period L/a, where 
a is the effective acoustic velocity of ink in the channel 

35 which is of length L A droplet of ink is expelled during 
this period. After time L/a the pressure becomes 
negative, ink emission ceases and the applied voltage 
can be removed. Subsequently, as the pressure wave 
is damped, ink ejected from the channel is rep- 

40 lenished from the ink supply and the droplet expulsion 
cycle can be repeated. 

A shear mode actuator of the type illustrated is 
found to work most efficiently in terms of the pressure 
generated in the ink and volume of ink droplet expel- 

45 led when a careful choice of optimum dimensions of 
the actuator and channel is made. Improved design 
may also be obtained by stiffening the actuator wall 
with layers of a material whose modulus of elasticity 
on the faces of the actuator exceeds that of the 

so ceramic : for example, if the metal electrodes are 
deposited with thickness greater than is required 
merely to function as electrodes and are formed of a 
metal whose elastic modulus exceeds that of the pie- 
zo-electric ceramic, the wail has substantially 

55 increased flexural rigidity without significantly 
increasing its shear rigidity. Nickel or rhodium are 
materials suitable for this purpose. The wall thickness 
and Ink channel width can then be reduced and a 
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more compact printhead thus made. The same effect 
is accomplished by applying a passivation coating to 
the wall surfaces, such as aluminium oxide (Ai 2 0 3 ) or 
silicon nitride (Si 3 N*) over the metal electrodes of the 
actuator whose thickness exceeds that required for s 
insulation alone, since these materials are also more 
rigid than the piezo-electric ceramic. Other means of 
stiffening the actuator wall are discussed hereinafter 
and one such means in particular with reference to 
Figure 7. 10 

A shear mode actuator such as that described 
possesses a number of advantages overflexural and 
cylindrical types of actuator. Piezo-electric ceramic 
used in the shear mode does not couple other modes 
of piezo-electric distortion. Energisation of the 15 
actuator illustrated therefore causes deformation into 
the channel efficiently without dissipating energy into 
the surrounding printhead structure. Such flexure of 
the actuator as occurs retains stored energy com- 
pliantly coupled with the energy stored in the ink and 20 
contributes to the energy available for droplet ejec- 
tion. The benefit obtained from rigid metal electrodes 
reinforces this advantage of this form of actuator. 
When the actuator is provided in an ink channel of 
long aspect ratio which operates using an acoustic 25 
travelling pressure wave, the actuator compliance is 
closely coupled with the compliance of the ink and 
very small actuator deflections (5-200 nm) generate a 
volume displacement sufficient to displace an ink 
droplet For these reasons a shear mode actuator 30 
proves to be very efficient in terms of material usage 
and energy, is flexible in design and capable of inte- 
gration with low voltage electronic drive circuits. 

Single channel shear mode actuators can be con- 
structed in several different forms, examples of which 35 
are illustrated in Figures 2 to 7. Each of the actuators 
illustrated in Figures 2 to 5 and 7 is characterised in 
that it is formed from poled material and the poled axis 
Z of the actuator lies parallel to the actuator wall sur- 
faces extending between the base wall 20 and cover 40 
wall 22 and the actuating electric field is normal to the 
poled axis Z and the axis of the channel. Deflection of 
the actuator is along the field axis Y. In each case also 
the actuator forms one wall of a long aspect ratio 
acoustic channel, so that actuation is accomplished 45 
by a small displacement of the wall acting over a sub- 
stantial area of the channel side surface. Droplet 
expulsion is the consequence of pressure dissipation 
via an acoustic travelling wave. 

The shear mode actuator in Figures 2(a) and 2(b) so 
is termed a strip seal actuator. The illustration shows 
the corresponding printhead 10 including the base 
wall 20, cover wall 22 and rigid side wail 26. The shear 
mode wall actuator enclosing the Inkjet channel 24 is 
in this instance a cantilever actuator 50 having a com- 55 
pliant strip seal 54. This is built using a single piece 
of piezo-electric ceramic 52 poled in the direction of 
the axis Zand extending the length of the ink jet chan- 



nel. The faces 55, 56 of the ceramic extending bet- 
ween the base and cover are metallised with metal 
electrodes 58, 59 covering substantially the whole 
areas thereof. The ceramic is rigidly bonded at one 
edge to the base 20 and is joined to the cover 22 by 
the compliant sealing strip 54 which is bonded to the 
actuator 50 and the cover 22. The channel as previ- 
ously described is closed at one of its respective ends 
by a nozzle plate 41 formed with a nozzle 40 and, at 
the other end, tube 42 connects the channel with ink 
reservoir 44. 

In the case of Figures 2(a) and 2(b), actuation by 
applying an electric field develops shear mode distor- 
tion in the actuator, which deflects in cantilever mode 
and develops pressure in the ink in the channel. The 
performance of the actuator has the best character- 
istics when careful choice is made of the dimensions 
of the actuator and channel, the dimensions and com- 
pliance of the metal electrodes 58, 59 being also pref- 
erably optimised. The deflection of the actuator is 
illustrated in Figure 2(b). 

An alternative design of shear mode actuator is 
illustrated in Figures 3(a) and 3(b), in which case a 
compliant seal strip 541 is continuous across the sur- 
face of the cover 22 adjoining the fixed wall 26 and the 
actuator 50. A seal strip of this type has advantages 
in construction but is found to perform less effectively 
after optimisation of the parameters is carried out than 
the preceding designs. 

Referring now to Figures 4(a) and 4(b) a shear 
mode wall actuator 60 comprises a single piece of pie- 
zo-electric ceramic 61 poled in the direction of the axis 
Z normal to the top and base walls. The ceramic piece 
is bonded rigidly to the base and top walls. The faces 
65 and 66 are metallised with metal electrodes 68, 69 
in their lower half and electrodes 68 r and 69' in their 
upper half, connections to the electrodes being 
arranged to apply field voltage V in opposite senses 
in the upper and lower halves of the ceramic piece. A 
sufficient gap is maintained between the electrodes 
68 and 68', 69 and 69' to ensure that the electric fields 
in the ceramic are each below the material voltage 
breakdown. Although in this embodiment the shear 
mode wall actuator is constructed from a single piece 
of ceramic, because of its electrode configuration 
which provides opposite fields in the upper and lower 
half thereof it has a shear mode deflection closely 
similar to that of the two part actuator in Figures 1(a) 
and 1(b). 

Referring now to Figures 5(a) and 5(b), an 
actuator wall 400 has upper and lower active parts 
401, 402 poled in the direction of the Z axis and an 
inactive part 410 therebetween. Electrodes 403, 404 
are disposed on opposite sides of wall part 401 and 
electrodes 405 and 406 are disposed on opposide 
sides of wall part 402. If the wall parts 401 and 402 are 
poled in opposite senses, a voltage V is applied 
through connections (not shown) in the same sense 
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along the Y axis to the electrode pairs 403, 404 and 
405, 406 but if the wail parts 401, 402 are poled in the 
same sense the voltage V is applied in opposite sen- 
ses to the electrode pairs 403, 404 and 405, 406. In 
either case the deflection of the wall actuator is as 
shown in Figure 5(b). 

In the case of the embodiments described, with 
the exception of that form of Figure 1(b) where the 
actuator wall parts are joined at the surface 34, the 
base wall 20, side wall 26 and actuator wall facing wall 
26 can be made from material of rectangular cross- 
section comprising a single piece of piezo-electric 
ceramic material or a laminate including one or more 
layers of piezo-electric ceramic material and cutting a 
groove of rectangular cross-section through the pie- 
zo-electric material to form channel 24 side wall 26 
and the facing actuator wall which is then or previ- 
ously has been electrically poled in known manner as 
required. Cover or top wall 22 is then secured directly 
or by a sealing strip as dictated by the embodiment 
concerned to the uppermost surfaces of the side walls 
to close the top side of the channel 24. Thereafter, 
nozzle plate 41 in which nozzle 40 is formed is rigidly 
secured to one end of the channel. 

As an alternative to piezo-electric ceramic, cer- 
tain crystalline materials such as gadolinium molyb- 
date (GMO) or Rochelle salt can be employed in the 
realisation of the above described embodiments. 
These are unpoled materials which provided they are 
cut to afford a specific crystalline orientation, will def- 
lect in shear mode normal to the direction of an 
applied field. This behaviour is illustrated In Figure 
6(a) which shows a wail 500 of GMO having upper and 
lower wall parts 502, 504 disposed one above the 
other and secured together at a common face 506. 
The wall parts are cut in the plane of the 'a' and 'b' 
axes and so that the 'a 1 and 'b' axes in the upper wall 
part are normal to those axes in the lower wall part 
When upper face 508 of wall part 502 and lower face 
510 of wall part 504 are held fixed and electric fields 
indicated by arrows 512 and 514 (which can be oppo- 
sitely directed or directed in the same sense) are 
applied respectively to the wall parts 502 and 504, 
lateral shear mode deflection occurs. As shown in bro- 
ken lines 516, 518, 520 this deflection is a maximum 
on the common face 506 and tapers to zero at the 
faces 508 and 51 0. it will be apparent that as with the 
embodiment of Figures 5(a) and 5(b) the wall parts 
502 and 504 may be provided therebetween with an 
inactive wall part. This arrangement is appropriate 
with GMO whose activity is typically 100 times that of 
PZT. 

The preferred electrode arrangement is shown in 
Figure 6(b) where electrodes 522 and 524 are pro- 
vided at opposite ends of the wall 500 and electrodes 
526 and 528 are provided at intermediate equally 
spaced locations along the wall. The electrodes 522 
and 528 are connected together to terminal 530 as are 



the electrodes 524 and 526 to terminal 532. A voltage 
is applied between said terminals resulting in electric 
fields 534 and 540 in the wall parts between the elec- 
trodes 522 and 526, electric fields 536 and 542 in the 

5 wail parts between the electrodes 526 and 528, and 
electric fields 538 and 544 between the electrodes 
528 and 524, all the fields being directed as shown by 
the arrows. Rochelle salt behaves generally in a simi- 
lar manner to GMO. 

10 In the modification illustrated in sectional plan 
view in Figure 7, which is applicable to all the previ- 
ously described embodiments of the invention as well 
as to those depicted in Figures 9(a) and 9(b) and 1 0(a) 
and 10(b), the rigid wall 26 and the opposite actuator 

is wall (30, 50, 60 and 400 of the embodiments Illus- 
trated in the previous drawings) with its electrodes are 
of sinuous form in plan view to afford stiffening thereof 
as an alternative to using thickened or coated elec- 
trodes as previously described. 

20 An alternative way of stiffening the actuator walls 
is to taper the walls where they are single part active 
walls and to tape each active part where the walls 
each have two active parts from the root to tip of each 
active part By "roof is meant the fixed location of the 

25 wall or wall part. The tapering is desirably such that 
the tip is 80 per cent or more of the thickness of the 
root With such a configuration, the field across the tip 
of the actuator wall or wall part is stronger than the 
field across the root so that greater shear deflection 

30 occurs at the tip than at the root. Also, the wall or wall 
part is stiffer because it is thicker where it is subject 
to the highest bending moment, in the root 

It will be appreciated that other forms of single 
channel printheads apart from those so far described, 

35 can be made within the ambit of the invention. Refer- 
ring for example to Figure 8, a channel 29 is made by 
cutting or otherwise forming generally triangular sec- 
tion grooves 801 in respective facing surfaces of two 
similar pieces of material 803 which may comprise 

40 piezo-electric ceramic material or may each include a 
layer of such material in which the generally triangular 
groove is formed. The facing surfaces 805 of said 
pieces of material are secured together to form the 
channel after the piezo-electric material at the side of 

45 the groove of one of the pieces and at a corresponding 
side of the groove of the other of said pieces has 
applied thereto the field electrodes 807. The actuator 
thus formed is of the two part wall form shown in Fig- 
ures 1(a) and 1(b) but with the actuator wall parts 

so forming two adjacent side walls of the channel. 

Referring now to Figures 9(a) and 9(b), a pulsed 
droplet ink jet printhead 600 comprises a base wall 
601 and a top wall 602 between which extend shear 
mode actuator walls 603 having oppositely poled 

55 upper and lower wall parts 605, 607 as shown by 
arrows 609 and 611 the poling direction being normal 
to the top and base walls. The walls 603 are arranged 
in pairs to define channels 613 therebetween and bet- 
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ween successive pairs of the walls 603 which define 
the channel 613 are spaces 615 which are narrower 
than the channels 613. Atone end of the channels 615 
is secured a nozzle plate 61 7 formed with nozzles 61 8 
for the respective channels and at opposite sides of s 
each actuator wail 603 are electrodes 619 and 621 in 
the form of metallised layers applied to the actuator 
wail surfaces. The electrodes are passivated with an 
insulating material (not shown) and the electrodes 
which are disposed in the spaces 615 are connected 10 
to a common earth 623 whilst the electrodes In the 
channels 613 are connected to a silicon chip 625 
which provides the actuator drive circuits. As already 
described in connection with Figures 1 to 5 the wall 
surfaces of the actuator walls carrying the electrodes 15 
may be stiffened by thickening or coating of the elec- 
trodes or, as described in relation to Figure 7, by mak- 
ing the walls of sinuous form. 

In operation, a voltage applied to the electrodes 
In each channel causes the walls facing the channel 20 
to be displaced into the channel and generate press- 
ure in the ink in the channel. Pressure dissipation 
causes ejection of a droplet from the channel in a 
period L/a where L is the channel length and a is the 
velocity of the acoustic pressure wave. The voltage 25 
pulse applied to the electrodes of the channel is held 
for the period L/a for the condensation of the acoustic 
wave to be completed. The droplet size can be made 
smaller by terminating the voltage pulse before the 
end of the period L/a or by varying the amplitude of the 30 
voltage. This is useful in tone and colour printing. 

The printhead 600 is manufactured by first lami- 
nating pre-poled layers of piezo-electric ceramic to 
base and top walls 601 and 603, the thickness of 
these layers equating to the height of the wall parts 35 
605 and 607. Parallel grooves are next formed by cut- 
ting with parallel, diamond dust impregnated, disks 
mounted on a common shaft or by laser cutting at the 
spacings dictated by the width of the channels 613 
and spaces 615. Depending on the linear density of AO 
the channels this may be accomplished in one or more 
passes of the disks. The electrodes are next depo- 
sited suitably, by vacuum deposition, on the surfaces 
of the poled wall parts and then passivated by apply- 
ing a layer of insulation thereto and the walls parts 45 
605, 607 are cemented together to form the channels 
613 and spaces 615. Next the nozzle plate 617 in 
which the nozzles have been formed is bonded to the 
part defining the channels and spaces at common 
ends thereof after which, at the ends of the spaces so 
and channels remote from the nozzle plate 617, the 
connections to the common earth 623 and chip 625 
are applied. 

The construction described enables pulsed ink 
droplet array printheads to be made with channels at 55 
linear densities of 2 or more per mm so that much 
higher densities are achievable by this mode of con- 
struction than has hitherto been possible with array 



printheads. Printheads can be disposed side by side 
to extend the line of print to desired length and closed 
spaced parallel lines of printheads directed towards a 
Printline or corresponding printlines enable high den- 
sity printing to be achieved. Each channel is indepen- 
dently actuated and has two active walls per channel 
although it is possible to depole wails at correspond- 
ing sides of each channel after cutting of the channel 
and intervening space grooves. 

This would normally be done by heating above 
the Curie temperature by laser or by suitable masking 
to leave exposed the walls to be depoled and then 
subjecting those walls to radiant heat to raise them 
above the Curie temperature. 

In another construction, illustrated in Figures 
10(a) and 10(b), inactive walls 630 can be formed 
which divide each liquid channel 613 longitudinally 
into two such channels having side walls defined re- 
spectively by one of the active walls 603 and one of 
the inactive walls 630. The walls 630 may be rendered 
inactive by depoling as described or by an electrode 
arrangement as shown in Figure 10(b) in which it will 
be seen that electrodes on opposite sides of the walls 
630 which are poled are held at the same potential so 
that the walls 630 are not activated whilst the elec- 
trodes at opposite sides of the active walls apply an 
electric field thereto to effect shear mode deflection 
thereof. 

The construction of Figures 10(a) and 10(b) is 
less active than that of Figures 9(a) and 9(b) and 
therefore needs higher voltage and energy for its 
operation. 

Shear mode actuation does not generate in the 
channels significant longitudinal stress and strains 
which give rise to cross-talk. Also, as poling is normal 
to the sheet of piezo-electric material laminated to the 
base and top or cover walls, the piezo-electric ma- 
terial is conveniently provided in sheet form. 

tt will be apparent to those skilled in the art that 
the construction of the embodiment described with 
reference to Figures 9(a) and 9(b) and 1 0(a) and 1 0(b) 
can be achieved by methods modified somewhat from 
those described. For example, the oppositely poled 
layers could be cemented together and to the base or 
cover wall and the channel and space grooves 613 
and 61 5 formed thereafter by cutting with disks or by 
laser. The electrodes and their insulating layers would 
thereafter be applied prior to securing the nozzle plate 
617 and making the earth and silicon chip connec- 
tions. 

In a further modification of the structure and 
method of construction of the pulsed droplet ink jet 
array printhead described with reference to Figures 
9(a) and 9(b), a single sheet of piezo-electric material 
is poled perpendicularly to opposite top and bottom 
surfaces of the sheet the poling being in respective 
opposite senses adjacent said top and bottom sur- 
faces. Between the oppositely poled regions there 
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may be an inactive region. The sheet is laminated to 
a base layer and the cutting of the channel and inter- 
vening space grooves then follows and the succeed- 
ing process steps are as described for the 
modification in which oppositely poled layers are lami- 5 
nated to the base layer and grooves formed therein. 
Alternatively, the base and top walls may each have 
a sheet of poled piezo-electric material laminated 
thereto, the piezo-electric material being poled normal 
to the base or top wall to which it is secured. Lami- 10 
nated to each sheet of piezo-electric material is a 
further sheet of inactive material so that respective 
three layer assemblies are provided in which the 
grooves to form the shear mode actuator walls are cut 
or otherwise formed. Electrodes are then applied to is 
the actuator walls as required and the assemblies are 
mutually secured with the grooves of one assembly in 
facing relationship with those of the other assembly 
thereby to form the ink channels and spaces between 
said channels. 20 

It will be understood that the multi-channel array 
embodiments of the invention can be realised with the 
ink channels thereof employing shear mode actuators 
of the forms described in connection with Figures 1 to 
7 thereof. 25 

Although in the embodiments of the invention 
described above, the ink supply is connected to the 
end of the ink channel or ink channel array remote 
from the nozzle plate, the ink supply can be connected 
at some other point of the channel or channels inter- 30 
mediate the ends thereof. Furthermore, it is possible 
as shown in Figure 1 1 , to effect supply of ink by way 
of the nozzle or nozzles. The nozzle plate 741, 
includes a recess 743 around each nozzle 740, in the 
surface of the nozzle plate remote from the channels. 35 
Each such recess 743 has an edge opening to an ink 
reservoir shown diagrammatically at 744. The des- 
cribed acoustic wave causes, on actuation of a chan- 
nel, an ink droplet to be ejected from the open ink 
surface immediately above the nozzle. Ink in the 40 
channel is then replenished from the recess 743, 
which is in turn replenished from the reservoir 744. 

Although the described embodiments of the 
invention concern pulsed droplet ink jet printers, the 
invention also embraces other forms of pulsed droplet 45 
deposition apparatus, for example, such apparatus 
for depositing a coating without contact on a moving 
web and apparatus for depositing photo resist, seal- 
ant, etchant, dilutant, photo developer, dye etc. 
Further, it will be understood that the multi-channel so 
array forms of the invention described may instead of 
piezo-electric ceramic materials employ piezo-elec- 
tric crystalline substances such as GMO and Rochelle 
salt 

Reference is made to co-pending application No. 55 
88300146.3 the disclosure of which is hereby incorpo- 
rated herein by reference. 



Claims 

1. A pulsed droplet deposition apparatus com- 
prising a liquid droplet ejection nozzle (40, 618, 740), 
a pressure chamber (24, 61 3) with which said nozzle 
communicates and from which said nozzle is supplied 
with liquid for droplet ejection, a shear mode actuator 
(30, 50, 60, 400, 500, 603) comprising poled piezo- 
electric material and electrode means (38, 39, 58, 59, 
68, 69, 68', 69 r , 403, 404, 405, 406, 522, 524, 526, 
528, 619, 621) for applying an electric field thereto, 
and liquid supply means (42, 44, 46, 743, 744) for rep- 
lenishing in said chamber liquid expelled from said 
nozzle by operation of said actuator, characterised in 
that said actuator is disposed so as to be able under 
an electric field applied between said electrode 
means to move in relation to said chamber in shear 
mode in the direction (Y) of said field to change the 
liquid pressure in said chamber and thereby cause 
droplet ejection from said nozzle. 

2. A pulsed droplet deposition apparatus as 
claimed in Claim 1, characterised in that said chamber 
has a side wall of which said actuator forms a part at 
least, the liquid of said chamber and said actuator 
being thereby closely coupled. 

3. A pulsed droplet deposition apparatus as 
claimed in Claim 2, characterised in that said chamber 
is of generally rectangular cross-section formed by a 
pair of opposed longer side walls (26, 30, 26, 50, 26, 
60, 26, 400, 603) and a pair of opposed shorter side 
walls (20, 22, 601, 602) and said actuator provides 
part at least of one of said longer side walls. 

4. A pulsed droplet deposition apparatus as 
claimed in any preceding claim and in which said 
chamber comprises a channel (24, 613), character- 
ised in that said shear mode actuator is provided in a 
wall of piezo-electric material having inner and outer 
wall feces (35, 36, 65. 66) extending alongside said 
channel and said electrode means comprise elec- 
trodes which are provided on and extend over sub- 
stantial parts of said wall faces for applying an electric 
field in a direction transversely to said wall faces, said 
piezo-electric material being disposed so as to be dis- 
placeable in shear mode in the direction of said field 
transversely to said channel to cause droplet ejection 
from said nozzle. 

5. A pulsed droplet deposition apparatus as 
claimed in Claim 4, characterised in that said actuator 
wall extends a substantial part of the length of said 
channel from said nozzle. 

6. A pulsed droplet deposition apparatus as 
claimed in Claim 4 or Claim 5, characterised in that 
said actuator wall of piezo-electric material has oppo- 
site substantially parallel edge surfaces extending 
normal to said inner and outer wall faces along which 
it is connected to said channel in liquid tight manner, 
one of said edge surfaces being rigidly connected to 
said channel and a compliant sealing strip (54, 541) 
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connecting the other of said edge surfaces to said 
channel. 

7. A pulsed droplet deposition apparatus as 
claimed in Claim 6 and in which said channel is of rec- 
tangular cross-section having opposed top and base 
walls (20, 22) and opposed side walls (50, 26) 
sandwiched between said top and base walls, one of 
said side walls forming said actuator wall, character- 
ised in that said sealing strip extends over the whole 
of a surface of the top wall adjoining the side walls. 

8. A pulsed droplet deposition apparatus, as 
claimed in Claim 6 or Claim 7, and in which said chan- 
nel is of rectangular cross-section having opposed top 
and base walls (20, 22) and opposed side walls (30, 
24, 50, 24, 60, 24, 400, 24), one of said side walls pro- 
viding said actuator wall, characterised in that said 
side and base walls are formed from a single piece of 
material Including piezo-electric material. 

9. A pulsed droplet deposition apparatus as 
claimed in Claim 4, characterised in that said actuator 
wall (30) of piezo-electric material is formed with 
upper and lower oppositely orientated parts (32, 33) 
and opposite edge surfaces of said actuator wall 
which extend normal to said inner and outer faces (35, 
36) thereof and lengthwise of said channel are sec- 
ured to said channel in liquid tight manner whereby 
said applied electric field serves to deflect said 
actuator wall transversely to said channel. 

10. A pulsed droplet deposition apparatus as 
claimed in Claim 9, characterised in that said actuator 
wall (30) is formed with an inactive part intermediate 
said oppositely orientated parts. 

11. A pulsed droplet deposition apparatus as 
claimed in Claim 4 or Claim 5, characterised in that 
said actuator wall (60) of piezo-electric material is for- 
med with opposite edge surfaces extending normal to 
said inner and outer faces (66, 65) and lengthwise of 
said channel (24) which are secured to said channel 
and in that said electrodes comprise two pairs of 
opposed electrodes (68, 69, 68', 69'), one electrode 
of each pair being provided on and extending 
lengthwise of each of said inner and outer wall faces 
and said electrodes on the same face of each of said 
wail faces being spaced apart transversely thereof, 
whereby fields in respective opposite senses can be 
imparted to said actuator wall between the electrodes 
of each of said pairs of opposed electrodes to deflect 
said actuator wall transversely to said channel. 

12. A pulsed droplet deposition apparatus as 
claimed in Claim 11, characterised in that said 
actuatorwali is formed with upperand lower parts and 
with an inactive part between said upper and lower 
parts. 

13. A pulsed droplet deposition apparatus as 
claimed in any one of Claims 9 to 12 and in which said 
channel is of rectangular cross-section having 
opposed top and base walls (22, 20) and opposed 
side walls (30, 26, 50, 26, 60, 26, 400, 26), one of said 



side walls providing said actuatorwali, characterised 
in that said side and base walls are formed from a 
single piece of material including piezo-electric ma- 
terial. 

5 14. A pulsed droplet deposition apparatus as 

claimed in any one of Claims 9 to 12, characterised in 
that said channel is formed from two similar pieces 
(803) of piezo-electric materia) and each formed in a 
corresponding side thereof with a groove (801) of 

10 generally triangular section, said pieces being sec- 
ured together with said grooves in mutually facing dis- 
position to form said channel, two adjoining sides of 
which provided respectively by said similar pieces of 
piezo-electric material together constituting said 

15 actuatorwali. 

15. A pulsed droplet deposition apparatus as 
claimed in any one of Claims 4 to 14, characterised in 
that said nozzle (40, 618) and said liquid supply 
means (42, 44, 46) are connected to said channel at 

20 respective opposite ends thereof. 

16. A pulsed droplet deposition apparatus as 
claimed in any one of Claims 4 to 14, characterised in 
that said liquid supply means (743, 744) are connec- 
ted to said channel for liquid replenishment therein by 

25 way of said nozzle (740). 

17. A pulsed droplet deposition apparatus as 
claimed in anyone of Claims 4 to 13, characterised in 
that said inner and outer faces of said actuator wall 
(30, 50, 60, 400) are sinuous in plan view. 

30 18. A pulsed droplet deposition apparatus as 
claimed in Claim 17, characterised in that said inner 
and outer sinuous wall faces of said actuator wall (30, 
50, 60, 400) extend in parallel. 

19. A pulsed droplet deposition apparatus, as 
35 claimed in any preceding claim, characterised in that 

said electrodes are coated with a layer of material 
having an elastic modulus greater than that of the 
actuator material which serves to increase the flexural 
rigidity of said actuator more than the shear rigidity 
40 thereof. 

20. A pulsed droplet deposition apparatus as 
claimed in Claim 19, characterised in that said layer 
comprises a layer of insulating material. 

21. A pulsed droplet deposition apparatus, as 
45 claimed in any preceding claim, characterised in that 

said electrodes are made of thickness greater than 
that required for electrical functioning thereof. 

22. A pulsed droplet deposition apparatus, as 
claimed in any preceding claim, characterised in that 

so said piezo-electric material is a poled ferroelectric 
ceramic such as lead zirconium titanate (PZT). 

23. A pulsed droplet deposition apparatus com- 
prising a liquid droplet ejection nozzle (40), a pressure 
chamber (24) with which said nozzle communicates 

55 and from which said nozzle is supplied with liquid for 
droplet ejection, a shear mode actuator (500) com- 
prising piezo-electric material and electrode means 
(522, 524, 526, 528) for applying an electric field 
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thereto, and liquid supply means (42, 44, 46, 743, 
744) for replenishing in said chamber liquid expelled 
from said nozzle by operation of said actuator, 
characterised in that said actuator comprises unpoled 
crystalline material orientated for shear mode dis- s 
placement, under an electric field applied by way of 
said electrode means, transversely to said field and is 
disposed so as to be able to move in relation to said 
chamber under said applied field to change the press- 
ure in the chamber and thereby cause droplet ejection 1 o 
from said nozzle. 

24. A pulsed droplet deposition apparatus, as 
claimed in claim 23, characterised in that said cham- 
ber has a side wall of which said actuator (500) forms 

a part at least, the liquid of said chamber and said is 
actuator being thereby closely coupled. 

25. A pulsed droplet deposition apparatus, as 
claimed in claim 24, characterised in that said cham- 
ber is of generally rectangular cross-section formed 

by a pair of opposed longer side walls (26, 500) and to 
a pair of opposed shorter side walls (20, 22, 601, 602) 
and said actuator provides part at least of one of said 
longer side walls. 

26. A pulsed droplet deposition apparatus, as 
claimed in any one of Claims 23 to 25, and in which 25 
said chamber comprises a channel (24, 613), charac- 
terised in that said shear mode actuator is a wail (500) 

of piezo-electric material having inner and outer faces 
extending alongside said channel and said electrodes 
(522, 524, 526, 528) are disposed normal to said 30 
faces for applying an electric field in a direction 
lengthwise of said wall, said piezo-electric material 
being orientated so as to be displaceable in shear 
mode in a direction transversely to said field direction 
and to said channel to cause droplet ejection from 35 
said nozzle. 

27. A pulsed droplet deposition apparatus, as 
claimed in Claim 26, characterised in that said 
actuator wall (500) extends a substantial part of the 
length of said channel from said nozzle. 40 

26. A pulsed droplet deposition apparatus, as 
claimed in Claim 26 or Claim 27, characterised in that 
said actuator wall has opposite substantially parallel 
edge surfaces extending normal to said inner and 
outer wall faces along which it is connected to said 45 
channel in liquid tight manner, one of said edge sur- 
faces being secured to said channel and a compliant 
sealing strip (54, 541) connecting the other of said 
edge surfaces to said channel. 

29. A pulsed droplet deposition apparatus, as so 
claimed in Claim 28, and in which said channel is of 
rectangular cross-section having opposed top and 
base walls (20, 22) and opposed side walls (500, 26) 
sandwiched between said top and base walls, one of 
said side walls forming said actuator wall, character- 55 
ised in that said sealing strip (541) extends over the 
whole of a surface of the top wail adjoining the side 
walls. 



30. A pulsed droplet deposition apparatus, as 
claimed in Claim 28 or Claim 29, and in which said 
channel is of rectangular cross-section having 
opposed top and base walls (20, 22) and opposed 
side walls (26, 500X one of said side walls providing 
said actuator wall, characterised in that said side and 
base walls are formed from a single piece of material 
including piezo-electric material. 

31. A pulsed droplet deposition apparatus, as 
claimed in Claim 26, characterised in that said 
actuator wall is provided with a series of electrodes 
(522, 524, 526, 528) spaced along the length of said 
wall, each disposed normal to said inner and outer 
wall faces and alternate electrodes in said series are 
electrically connected for application of electric fields 
in opposite senses in the lengthwise direction of said 
wall between successive electrodes of said series. 

32. A pulsed droplet deposition apparatus, as 
claimed in Claim 26, characterised In that said 
actuator wall is formed with upper and lower oppo- 
sitely orientated parts (502, 504) and opposite edge 
surfaces of said actuator wall which extend normal to 
said inner and outer faces thereof and lengthwise of 
said channel are secured to said channel in liquid tight 
manner whereby said applied electric field serves to 
deflect said actuator wail parts transversely to said 
channel. 

33. A pulsed droplet deposition apparatus, as 
claimed in Claim 32, characterised in that each of said 
upper and lower wall parts is provided with a series of 
electrodes (522, 524, 526, 528) correspondingly 
spaced along the length of said wall, each disposed 
normal to said inner and outer wall faces and alternate 
electrodes in each series are electrically connected 
for application of electric fields in opposite senses in 
the lengthwise direction of said wall between succes- 
sive electrodes, the field directions in adjoining parts 
of the upper and lower wall parts between corre- 
sponding pairs of electrodes in the series of the upper 
and the series of the lower wall part being opposed. 

34. A pulsed droplet deposition apparatus as 
claimed in Claim 32 or Claim 33, and in which said 
channel is of rectangular cross-section having 
opposed top and base walls and opposed side walls, 
one of said side wails providing said actuator wall, 
characterised in that said side and base walls are for- 
med from a single piece of material including piezo- 
electric material. 

35. A pulsed droplet deposition apparatus as 
claimed in Claim 32 or Claim 33, characterised in that 
said channel is formed from two similar pieces of ma- 
terial (803) including piezo-electric material and each 
formed in a corresponding side thereof with a groove 
(801) of generally triangular section, said pieces 
being secured together with said grooves in mutually 
facing disposition to form said channel, two adjoining 
sides of which provided respectively by said similar 
pieces of piezo-electric material together constituting 
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said actuator wall. 

36. A pulsed droplet deposition apparatus, as 
claimed in any one of Claims 32 to 35, characterised 
in that said actuator wall is formed with an inter- 
mediate inactive wall part between said upper and 
lower oppositely orientated wait parts. 

37. A pulsed dropiet deposition apparatus, as 
claimed in Claim 36 f characterised in that said inter- 
mediate inactive wall part is substantially longer in the 
direction between said upper and lower parts than 
either of said upper and lower wall parts. 

38. A pulsed droplet deposition apparatus, as 
claimed in any one of Claims 26 to 37, characterised 
in that said nozzle (40, 618) and said liquid supply 
means (42, 44, 46) are connected to said channel at 
respective opposite ends thereof. 

39. A pulsed droplet deposition apparatus as 
claimed in any one of Claims 26 to 37, characterised 
in that said liquid supply means (743, 744) are con- 
nected to said channel for liquid replenishment the- 
rein by way of said nozzle. 

40. A pulsed droplet deposition apparatus, as 
claimed in any one of Claims 26 to 39, characterised 
in that said inner and outer faces of said actuator wall 
(500) are sinuous in plan view. 

41. A pulsed droplet deposition apparatus as 
claimed in Claim 40, characterised in that said inner 
and outer sinuous wall faces of said actuator wall 
(500) extend in parallel. 

42. A pulsed droplet deposition apparatus, as 
claimed in any one of Claims 23 to 39, characterised 
in thatsaid piezoelectric material is gadolinium molyb- 
date or Rochelie salt 

43. A multi-channel array, pulsed droplet deposi- 
tion apparatus, characterised by opposed top and 
base walls (602, 601 ) and shear mode actuator walls 
(603, 500) of piezo-electric material extending bet- 
ween said top and base walls and arranged in pairs 
of successive actuator walls to define a plurality of 
separated liquid channels (613) between the walls of 
each of said pairs, a nozzle means (617) providing 
nozzles (618) respectively communicating with said 
channels, liquid supply means (42, 44, 46, 743, 744) 
for supplying liquid to said channels for replenishment 
of droplets ejected from said channels and field elec- 
trode means (619, 621, 522, 524, 526, 528) provided 
on said actuator walls forfbrming respective actuating 
fields therein, said actuator walls being so disposed 
in relation to the direction of said actuating fields as 
to be laterally deflected by said respective actuating 
fields to cause change of pressure in the liquid in said 
channels to effect droplet ejection therefrom. 

44. A multi-channel array, pulsed drop deposition 
apparatus as claimed in Claim 43, characterised in 
that said channels (613) are separated by less than 
the width of a channel. 

45. A multi-channel array, pulsed drop deposition 
apparatus, as claimed in Claim 43 or Claim 44, 



characterised in thatsaid base and actuator walls are 
formed from a single piece of material including pie- 
zo-electric material. 

46. A multi-channel array, pulsed droplet deposi- 
5 tion apparatus as claimed in any one of Claims 43 to 

45, characterised in that a sealing strip (541) extends 
over the surface of said top wall facing said actuator 
walls. 

47. A multi-channel array, pulsed droplet deposi- 
ts tion apparatus as claimed in Claim 43 or Claim 44, 

characterised in that each of said actuator walls (500) 
is formed with an upper part and a lower part (502, 
504), said wall parts being orientated for lateral shear 
mode displacement relatively to said channels to 
1 $ effect droplet ejection therefrom. 

48. A multi-channel array, pulsed droplet deposi- 
tion apparatus, as claimed in Claim 47, characterised 
in that said top wall (602) and said upper parts (502, 
605) of said actuator walls are formed from a single 

20 piece of material including piezo-electric material and 
said base wall (601) and said lower parts (504, 607) 
of said actuator walls are formed from a further single 
piece of piezo-electric material. 

49. A multi-channel array, pulsed droplet deposi- 
25 tion apparatus as claimed in any one of Claims 43 to 

48, characterised in that each channel is divided lon- 
gitudinally thereof into two channels by an inactive 
wall (630) which extends between said top and base 
walls and normal thereto. 

30 50. A multi-channel array, pulsed droplet deposi- 
tion apparatus as claimed in any one of Claims 43 to 

49, characterised in thatsaid piezo-electric material is 
a piezo-electric ceramic material, such as lead zir- 
conium titanate (PZT), poled in the direction normal to 

35 said top and base walls and said electrode means 
comprise electrodes (619, 621) provided on opposite 
faces of said actuator walls disposed normal to said 
top and base walls. 

51. A multi-channel array, pulsed droplet deposi- 
40 tion apparatus as claimed in any one of Claims 43 to 

49, characterised in thatsaid piezo-electric material is 
an unpoled crystalline material, such as gadolinium 
molybdate or Rochelie salt and said electrode means 
comprise electrodes (522, 524, 526, 528) disposed 
45 normal to said actuator walls and to said channels. 

52. The method of making a multi-channel array 
pulsed droplet deposition apparatus, characterised 
by the steps of 

(a) forming a base wall (601) with a layer of pie- 
50 zo-electric material 

(b) forming a multiplicity of parallel grooves (613, 
615) in said base wall which extend through said 
layer of piezo-electric material to afford walls 
(603) of piezo-electric material between succes- 

55 sive grooves, pairs of opposing walls defining bet- 
ween them respective liquid channels (613) 

(c) locating electrodes (619, 621, 522, 524, 526, 
528) in relation to said walls so that an electric 

12 
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field can be applied to effect shear mode dis- 
placement of said walls transversely to said chan- 
nels 

(d) connecting electrical drive circuit means (625) 
to said electrodes 

(e) securing a top wall (602) to said walls to close 
said liquid channels 

(f) providing nozzles (618, 740) and liquid supply 
means (42, 44, 46, 743, 744) for said liquid chan- 
nels. 

63. The method claimed in Claim 52, further 
characterised by providing two layers of piezo-electric 
material on said base wall and forming said grooves 
so as to extend through both of said layers to provide 
said upright walls (603), with upper and lower parts 
(605, 607) of each of said upright walls adapted when 
said electrodes are disposed relatively thereto and 
subjected to electric fields to deflect in shear mode in 
the same direction transversely to said channels. 

54. The method claimed in Claim 52, further 
characterised by providing a layer of piezo-electric 
material on each of said base and top walls (601, 
602), forming at corresponding spacings in each of 
said layers of piezo-electric material a multiplicity of 
parallel grooves (613, 615) to provide upstanding 
walls (607, 605) on said base wall and on said top wall 
and securing said top wall to said upright walls of the 
base wall by securing said upright walls formed on 
said top wall to corresponding upright walls of said 
upright walls formed on said base wall, the upright 
walls on the top wall and the upright walls on the base 
wail being adapted so that when an electric field is 
applied thereto at said electrodes the upright walls of 
said top and base walls deflect in the same direction 
transversely to said channels. 

55. The method claimed in any one of Claims 52 
to 54, further characterised by providing an upright 
inactive wall (630) between the walls of each of said 
pairs of walls between which said channels are dis- 
posed, thereby to divide each of said channels lon- 
gitudinally into two channels. 

56. The method claimed in Claim 55, further 
characterised by locating electrodes relatively to said 
inactive walls and maintaining, during operation, said 
electrodes at equal potentials to prevent shear mode 
displacement of said inactive walls. 

57. The method claimed in any one of Claims 52 
to 56, characterised in that said liquid supply means 
(42, 44, 46) are provided at ends of the channels 
remote from said nozzles (618). 

58. The method claimed in any one of Claims 52 
to 56, characterised in that said liquid supply means 
(743, 744) are provided at respective ends of said 
channels adjacent said nozzles (618, 740) for replen- 
ishment through said nozzles of liquid in said chan- 
nels expelled from said nozzles. 

59. The method claimed in any one of Claims 52 
to 58, characterised in that PZT is employed as- said 



piezo-electric material. 

60. The method claimed in any one of Claims 52 
to 58, characterised in that a piezo-electric crystalline 
material such as GMO or Rochelle salt is employed as 
s said piezo-electric material. 



Anspruch© 

10 1. Impulsformig betriebene Tropfchen-Nieder- 
schlagvomchtung mit einer AusstoBduse (40, 618, 
740) fur FlOssigkeitstropfchen, mit einer Druckkam- 
mer (24, 613), mit der die Duse strdmungsma&ig in 
Verbindung steht und von welcher aus die Duse mit 

15 der Flussigkeit zum AusstoB der Tropfchen versorgt 
wird, mit einer Schubschwingungsart-Betatigungs- 
vorrichtung (30, 50, 60, 400, 500, 603) mit einem 
gepolten piezoelektrischen Materia! und mit Elektro- 
denmitteln (38, 39, 58, 59, 66, 69, 68', 69', 403, 404, 

20 405, 406, 522, 524, 526, 528, 619, 621), urn an das 
genannte Material ein elektrisches Feld anzutegen, 
mit einer Flussigkeit-Versorgungseinrichtung (42, 44, 
46, 743, 744), urn die Flussigkeit in der Kammer, die 
durch den Betrieb der Betatigungsvorrichtung uber 

25 die Duse ausgestoBen wurde, wieder zu erganzen, 
dadurch gekennzeichnet, daB die Betatigungsvor- 
richtung so angeordnet ist, daB sie bei Anlegen eines 
elektrischen Feldes zwischen den Elektrodenmitteln 
sich relativ zur Kammer in einer Schubschwingungs- 

30 art in der Rlchtung (Y) des Feldes bewegen kann, urn 
den Flussigkeitsdruck in der Kammer zu andem und 
urn dadurch einen TropfchenausstoB aus der Duse zu 
bewirken. 

2. Impulsformig betriebene Tropfchen-Nieder- 
35 schlagvomchtung nach Anspruch 1, dadurch 

gekennzeichnet, daB die Kammer eine Seltenwand 
aufweist, von der die Betatigungsvorrichtung wenig- 
stens einen Teil bildet, so daB die FIQssigkeit in der 
Kammer dadurch dicht bzw. eng an die Betatigungs- 
40 vorrichtung gekoppelt ist 

3. Impulsformig betriebene Tropfchen-Nieder- 
schlagvorrichtung nach Anspruch 2, dadurch 
gekennzeichnet, daB die Kammer einen aiigemein 
rechteckformigen Querschnitt hat und durch ein Paar 

45 von sich gegenuberliegenden langeren Seitenwan- 
den (26, 30, 26, 50, 26, 60, 26, 400, 603) und einem 
Paar von sich gegenuberliegenden kurzeren Seiten- 
wanden (20. 22, 601, 602) gebildet ist und daB die 
Betatigungsvorrichtung einen Teil von wenigstens 

so einer der langeren Seitenwande bildet 

4. Impulsformig betriebene Tr6pfchen-Nieder- 
schlagvorrichtung nach einem der vorhergehenden 
Anspruche, bei der die Kammer einen Kanal (24, 
613), aufweist, dadurch gekennzeichnet, daB die 

55 Schubschwingungsart-Betatigungsvorrichtung in 
einer Wand des piezoelektrischen Materials mit inne- 
.ren und auBeren Wandflachen (35, 36, 65, 66) vorge- 
sehen ist, die sich in Langsrichtung des Kanals 
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erstreckt, und dad die Elektrodenmittef Elektroden 
aufweisen, die auf wesentlichen Teiien der Wandfla- 
chen vorgesehen sind und sich fiber diese 
erstrecken, urn ein elektrisches Feld in einer Richtung 
quer zu den Wandflachen anzulegen, wobei das pie- 5 
zoelektrische Material so angeord net ist, da& es in der 
Schubschwingungsbetriebsart in Richtung des Fel- 
des quer zum Kanal verschiebbar bzw. versetzbar ist, 
um dadurch den TropfchenausstoR aus der DGse zu 
bewirken. 10 

5. ImpuIsfSrmig betriebene Trapfchen-Nieder- 
schlagvorrichtung nach Anspruch 4, dadurch 
gekennzeichnet, da& die Wand der Betatigungsvor- 
richtung sich Qber einen wesentlichen Teil der Lange 

des Kanals von der Duse aus erstreckt is 

6. Impulsformig betriebene Tropfchen-Nieder- 
schlagvorrichtung nach Anspruch 4 oder 5, dadurch 
gekennzeichnet daft die Wand der Betatigungsvor- 
richtung aus dem piezoelektrischen Material sich 
gegenuberiiegende im wesentlichen parallel verlau- 20 
fende Kantenflachen aufweist, die senkrecht zur inne- 

ren und aufceren Wandflache verlaufen, entlang 
welcher sie mit dem Kanal flussigkeitsdicht verbun- 
den ist, wobei eine der Kantenflachen test mit dem 
Kanal verbunden ist und wobei ein nachgiebiger Dich- 25 
tungsstreifen (54, 541) die andere Kantenflache mit 
dem Kanal verbindet 

7. Impulsformig betriebene Tropfchen-Nieder- 
schlagvorrichtung nach Anspruch 6, bei der der Kanal 
einen rechteckformigen Querschnitt besitzt mit sich 30 
gegenuberiiegenden Decken- und Bodenwanden 

(20, 22) und sich gegenuberiiegenden Seitenwanden 
(50, 26), die zwischen der Deckenwand und der 
Bodenwand angeordnet sind, wobei eine der Seiten- 
wande die Wand der Betatigungsvorrichtung bildet, 35 
dadurch gekennzeichnet, dad sich der Dichtungs- 
streifen Qber die gesamte Flache der Deckenwand 
und an die Seitenwande anschlie&end erstreckt 

8. Impulsformig betriebene Tropfchen-Nieder- 
schlagvorrichtung nach Anspruch 6 Oder 7, bei der 40 
der Kanal einen rechteckformigen Querschnitt auf- 
weist mit sich gegenuberiiegenden Decken- und 
Bodenwanden (20, 22) und mit sich gegenuberiiegen- 
den Seitenwanden (30, 24, 50, 24, 60, 24. 400, 24), 
wobei eine der Seitenwinde die Wand der Betati- 45 
gungsvorrichtung bildet, dadurch gekennzeichnet, 
da&die Seiten- und Bodenwande aus einem einzigen 
Materialstuck geformt sind, welches piezoelektri- 
sches Material enthalt 

9. Impulsformig betriebene Tropfchen-Nieder- so 
schlagvorrichtung nach Anspruch 4, dadurch 
gekennzeichnet, da& die Wand (30) der Betati- 
gungsvorrichtung aus piezoelektrischem Material mit 
oberen und unteren entgegengesetztorientierten Tei- 

len (32, 33) und sich gegenuberiiegenden Kantenfla- 55 
chen der Wand der Betatigungsvorrichtung versehen 
ist, wobei sich diese Kantenflachen senkrecht zur 
inneren und au&eren Flache (35, 36) der Wand 



erstrecken und in Langsrichtung des Kanals flussig- 
keitsdicht mit dem Kanal verbunden sind, so da& das 
angeiegte elektrische Feld dazu dtent, die Wand der 
Betatigungsvorrichtung quer zum Kanal abzulenken. 

10. Impulsformig -betriebene Tropfchen-Nieder- 
schlagvomchtung nach Anspruch 9, dadurch 
gekennzeichnet, dad die Wand (30) der Betati- 
gungsvorrichtung mit einem inaktiven Teil ausgestat- 
tet ist, der zwischen den entgegengesetzt orientierten 
Teiien angeordnet ist 

11. impulsformig betriebene Tropfchen-Nieder- 
schlagvorrichtung nach Anspruch 4 Oder 5, dadurch 
gekennzeichnet, dafi die Wand (60) der Betati- 
gungsvorrichtung aus piezoelektrischem Material mit 
sich gegenuberiiegenden Kantenflachen gebildet ist, 
die senkrecht zur inneren und auSeren Flache (66, 
65) und in Langsrichtung des Kanals (24) verlaufen 
und welche an dem Kanal befestigt sind, und daft die 
Elektroden zwei Paare von sich gegenuberiiegenden 
Elektroden (68, 69, 68', 69') umfassen, wobei eine 
Elektrode jedes Elektrodenpaars auf jederder Innen- 
und Au&enwandflachen angeordnet ist und sich in 
Langsrichtung der inneren und auBeren Wandflachen 
erstrecken und wobei die Elektroden auf der gleichen 
Flache jederder Wandflachen einen Abstand in Quer- 
richtung aufweist, so daB dadurch elektrische Felder, 
die jeweils entgegengesetzt gerichtet sind, an die 
Wand der Betatigungsvorrichtung zwischen die Elek- 
troden jedes der Paare der sich gegenuberiiegenden 
Elektroden angelegt werden kdnnen, um die Wand 
der Betatigungsvorrichtung quer zum Kanal abzulen- 
ken. 

12. Impulsformig betriebene Tropfchen-Nieder- 
schlagvorrichtung nach Anspruch 11, dadurch 
gekennzeichnet, da& die Wand der Betatigungsvor- 
richtung mit oberen und unteren Teiien ausgestattet 
ist und da&ein inaktrver Teil zwischen den oberen und 
unteren Teiien angeordnet ist 

13. Impulsformig betriebene Tropfchen-Nleder- 
schlagvorrichtung nach einem der Anspruche 9 bis 
12, bei der der Kanal einen rechteckfSnmigen Quer- 
schnitt hat mit sich gegenuberiiegenden Decken-und 
Bodenwanden (22, 20) und sich gegenuberiiegenden 
Seitenwanden (30, 26, 50, 26, 60, 26, 400, 26), wobei 
eine dieser Wande die Wand der Betatigungsvorrich- 
tung darstellt, dadurch gekennzeichnet, daB die Sei- 
ten- und Bodenwande aus einem einzigen 
Materialstuck mit piezoelektrischem Material geformt 
sind. 

14. Impulsformig betriebene Tropfchen-Nieder- 
schlagvomchtung nach einem der Anspruche 9 bis 
12, dadurch gekennzeichnet, da& der Kanal aus 
zwei ahnlichen Teiien (803) aus piezoelektrischem 
Material geformt ist, wobei jedes Teil in einer entspre- 
chenden Seite eine Nut (801) aufweist, die einen all- 
gemein dreieckformigen Querschnitt hat, wobei die 
Stucke so aneinander befestigt sind, daft die Nuten 
zueinander hinweisen, um den Kanal zu formen, 
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wobei zwei aneinander stoBende Seiten des Kanals, 
die Jewells durch die fihnlichen Teile aus dem piezo- 
elektrischen Material gebildet sind, zusammen die 
Wand der Betatigungsvonichtung bilden. 

15. Impulsformig betriebene Tropfchen-Nieder- 
schlagvorrichtung nach einem der Anspruche 4 bis 
14, dadurch gekennzeichnet daB die Duse (40, 618) 
und die Flussigkeit-Versorgungseinrichtung (42, 44, 
46) mit dem Kanal an jeweils gegenuberliegenden 
Enden verbunden sind. 

16. Impulsformig betriebene Tropfchen-Nieder- 
schlagvorrichtung nach einem der Anspruche 4 bis 
14, dadurch gekennzeichnet, daft die Flussigkeit- 
Versorgungseinrichtung (743, 744) mit dem Kanal 
verbunden ist urn die Flussigkeit In demselben uber 
die Duse (740) zu erganzen. 

17. Impulsformig betriebene Tropfchen-Nieder- 
schlagvorrichtung nach einem der Anspruche 4 bis 
13, dadurch gekennzeichnet daB die innere und die 
auBere Flache der Wand (30, 50, 60, 400) der Beta- 
tigungsvorrichtung in Draufsicht sinusformig 
gekrummt ist 

18. Impulsformig betriebene Tropfchen-Nieder- 
schlagvorrichtung nach Anspruch 17, dadurch 
gekennzeichnet, daB die inneren und die auBeren 
sinusformig gekrummt vertaufenden Wandflachen 
der Wand (30, 50, 60, 400) der Betitigungsvorrich- 
tung parallel zueinander verlaufen. 

19. Impulsformig betriebene Tropfchen-Nieder- 
schlagvomchtung nach einem der vorhergehenden 
Anspruche, dadurch gekennzeichnet, daB die Elek- 
troden mit einer Materialschicht beschichtet sind, wel- 
ches einen Elastizitatsmodul besltzt, dergroBer ist als 
derjenige des Materials der Betatigungsvonichtung, 
urn dadurch die Biegesteifigkeit der Betatigungsvor- 
richtung mehr zu erhohen als die Schersteifigkeitder- 
selben. 

20. Impulsformig betriebene Tropfchen-IMieder- 
schlagvorrichtung nach Anspruch 19, dadurch 
gekennzeichnet, daft die Schicht eine Schicht aus ei- 
nem Isoiiermaterial aufweist 

21. Impulsformig betriebene Tr6pfchen-Nieder- 
schlagvorrichtung nach einem der vorhergehenden 
Anspruche, dadurch gekennzeichnet, daB die Elek- 
troden in einer Dicke ausgefuhrt sind, die groBer ist 
als diejenige, die fur eine elektrisches Funktionieren 
der Elektroden erforderiich ist 

22. Impulsfdrmig betriebene Tropfchen-Nieder- 
schlagvorrichtung nach einem der vorhergehenden 
Anspruche, dadurch gekennzeichnet, daft das pie- 
zoelektrische Material aus einem gepolten ferroelek- 
trischen Keramikmaterial, wie Bieizirkoniumtitanat 
(PZT) besteht 

23. Impulsformig betriebene Tropfchen-Nieder- 
schlagvorrichtung, mit einer AusstoBduse (40) fur 
Flussigkeitstropfchen, einer Druckkammer (24), mit 
welcher die Duse stromungsmaBIg in Verbindung 
steht und von welcher die Duse mit Flussigkeit fur den 



TropfchenausstoB versorgt wind, mit einer Schub- 
schwingungsart-Betatigungsvorrichtung (500), die 
ein piezoelektrisches Material und Eiektrodenmittel 
(522, 524, 526, 528) zum Anlegen eines elektrischen 

5 Feldes daran aufweist, und mit einer Flussigkeit- Ver- 
sorgungseinrichtung (42, 44, 46, 743, 744) zum 
Erganzen der Flussigkeit in der Kammer, die von der 
Duse durch die Betatigung der Betatigungsvorrich- 
tung ausgestoBen wird, dadurch gekennzeichnet, 

10 daB die Betatigungsvonichtung ein ungepoltes kri- 
staiiines Material aufweist, welches fur eine Schub- 
schwingungsart-Verschiebung orientiert ist und zwar 
in einem uber die Elektrodeneinrichtung angelegten 
elektrischen Feld, wobei die Verschiebung quer zu 

is dem Feld erfotgt und wobei das Material so angeord- 
net ist daB es in Relation zur Kammer unter dem 
angelegten Feid bewegt werden kann, urn dadurch 
den Druck in der Kammer zu andern und urn dadurch 
den TropfchenausstoB aus der Duse zu bewirken. 

20 24. Impulsformig betriebene Tropfchen-Nieder- 
schlagvorrichtung nach Anspruch 23, dadurch 
gekennzeichnet, daB die Kammer eine Seitenwand 
aufweist von der die Betatigungsvonichtung (500) 
wenigstens einen Teil bildet so daB die Flussigkeit 

25 der Kammer und die Betatigungsvonichtung eng 
aneinander gekoppelt sind. 

25. Impulsformig betriebene Tropfchen-Nieder- 
schlagvorrichtung nach Anspruch 24, dadurch 
gekennzeichnet, daB die Kammer einen allgemein 

30 rechteckformigen Querschnitt hat und durch ein Paar 
von sich gegenuberliegenden langeren Seitenwan- 
den (26, 500) und einem Paar von sich gegenGberiie- 
genden kurzeren Seitenwanden (20, 22, 601, 602) 
gebildet ist und daB die Betatigungsvonichtung 

35 einen Teil von wenigstens einer der langeren Seiten- 
wande bildet 

26. Impulsformig betriebene Tropfchen-Nieder- 
schlagvorrichtung nach einem der Anspruche 23 bis 
25, bei der die Kammer einen Kanal (24, 613) umfaBt 

40 dadurch gekennzeichnet daB die Schubschwin- 
gungsart-Betatlgungsvorrichtung aus einer Wand 
(500) aus piezoelektrischem Material besteht die 
innere und auBere Flachen besitzt die sich in Ldngs- 
richtung des Kanals erstrecken und daB die Elektro- 

45 den (522, 524, 526, 528) senkrecht zu den Flachen 
angeordnet sind, um ein elektrisches Feld in einer 
Langsrichtung der Wand anzulegen, wobei das piezo- 
elektrische Material so orientiert ist daB es in einer 
Schubschwingungsart in einer Richtung verschiebbar 

so ist quer zur Feldrichtung und zu dem Kanal, um 
dadurch den TropfchenausstoB aus der Duse zu 
bewirken. 

27. Impulsformig betriebene Tropfchen-Nieder- 
schlagvorrichtung nach Anspruch 26, dadurch 

55 gekennzeichnet, daB die Betatigungswand (500) 
sich uber einen wesentlichen Teil der Lange des 
Kanals von der Duse aus erstreckt 

28. Impulsformig betriebene Tropfchen-Nieder- 
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schlagvonrichtung nach Anspruch 26 Oder 27, 
dadurch gekennzeichnet, daS die Betatigungswand 
sich gegenuberliegende im wesentiichen parallel ver- 
laufende Kantenflachen aufweist, die senkrecht zur 
inneren und aufteren Wandflache veiiaufen und ent- s 
lang welchen die Wand mil dem Kanal flGssigkeits- 
dicht verbunden ist, wobei eine der Kantenflachen an 
den Kanal befestigt ist und ein nachgiebiger Dich- 
tungsstreifen (54, 541) die andere der Kantenflichen 
mit dem Kanal verbindet 1 o 

29. Impulsformig betriebene Tropfchen-Nieder- 
schlagvorrichtung nach Anspruch 28, be! der der 
Kanal einen rechteckformigen Querschnitt hat und 
sich gegenuberliegende Decken- und Bodenwande 

(20, 22) und sich gegenuberliegende Seitenwande is 
(500, 26) aufweist, die zwischen Decken- und Boden- 
wand angeordnet sind, wobei eine der Seitenwande 
die Betatigungswand bildet, dadurch gekennzeich- 
net, da& der Dichtungsstrerfen (541) sich uber die 
Gesamtheit der Flache der Deckenwand angrenzend 20 
an die Seitenwande erstreckt 

30. Impulsformig betriebene Tropfchen-Nieder- 
schfagvorrichtung nach Anspruch 28 oder 29, bei der 
der Kanal einen rechteckformigen Querschnitt hat 

und sich gegenuberliegende Decken- und Boden- 25 
wande (20, 22) und sich gegenuberliegende Seiten- 
wande (26, 500) aufweist, wobei eine der 
Seitenwande die Betatigungswand darstellt, dadurch 
gekennzeichnet, da& die Boden- und Seitenwande 
aus einem einzelnen Materialstuck geformt sind, wel- 30 
ches piezoelektrisches Material enthait. 

31. Impulsformig betriebene Tropfchen-Nieder- 
schlagvomchtung nach Anspruch 26, dadurch 
gekennzeichnet, daft die Betatigungswand mit einer 
Reihe von Elektroden (522, 524, 526, 528) ausgestat- 35 
tet ist, die mit Abstand entlang der Lange der Wand 
angeordnet sind, wobei jede Elektrode senkrecht zur 
Innen- und Au&enwandflache angeordnet ist und 
wobei alternierend Elektroden in der Foige elektrisch 
angeschlossen sind, urn die elektrischen Felder in 40 
gegenlaufigem Sinn in LSngsrichtung der Wand zwi- 
schen aufeinanderfolgenden Elektroden der Folge 
anzulegen. 

32. Impulsformig betriebene Tropfchen-Nieder- 
schlagvorrichtung nach Anspruch 26, dadurch 45 
gekennzeichnet, da& die Betatigungswand mit obe- 

ren und unteren entgegengesetzt orientierten bzw. 
verlaufenden Teilen (502, 504) ausgestattet ist und 
dafc die sich gegenuberiiegenden Kantenflachen der 
Betatigungswand, die senkrecht zur inneren und so 
au&eren Flache derselben veriaufen und in Langs- 
richtung des Kanals veriaufen, an den Kanal flussig- 
keitsdicht befestigt sind, so daS das angelegte 
elektrische Feld dazu dient, die Betitigungswandteile 
quer zum Kanal abzuienken. 55 

33. Impulsformig betriebene Trdpfchen-Nieder- 
schlagvorrichtung nach Anspruch 32, dadurch 
gekennzeichnet, da& jedes der oberen und unteren 



Wandteile mit einer Folge von Sektroden (522, 524, 
526, 528) ausgestattet ist, die entsprechend in Langs- 
richtung der Wand beabstandet angeordnet sind, 
wobei jedes senkrecht zur inneren und au&eren 
Wandflache angeordnet ist und wobei alternierend 
Elektroden in jeder Fofge elektrisch angeschlossen 
sind, um das elektrische Feld im gegenlaufigen Sinn 
in Langsrichtung der Wand zwischen aufeinanderfol- 
genden Elektroden anzulegen, wobei die Feldrichtun- 
gen in aneinander grenzenden Teilen der oberen und 
der unteren Wandteile zwischen entsprechenden 
Paaren der Elektroden in der Folge der oberen und in 
der Folge der unteren Wandteile sich gegenuberlie- 
gen. 

34. Impulsformig betriebene Tropfchen-Nieder- 
schlagvorrichtung nach Anspruch 32 oder 33, bei der 
der Kana! einen rechteckformigen Querschnitt mit 
sich gegenuberiiegenden Decken- und Bodenwande 
und sich gegenuberiiegenden Seitenwanden hat, 
wobei eine der Seitenwande die Betatigungswand ist, 
dadurch gekennzeichnet, da& die Boden- und Sei- 
tenwande aus einem einzigen Materialstuck mit pie- 
zoeiektrischem Material geformt sind. 

35. impulsformig betriebene Tropfchen-Nieder- 
schlagvorrichtung nach Anspruch 32 oder 33, 
dadurch gekennzeichnet, daft der Kanal aus zwet 
ahnlich geformten Materiaiteilen (803) geformt ist, die 
piezoelektrisches Material enthaiten, wobei jedes 
Materialteil in einer entsprechenden Seite eine Nut 
(801) mit allgemein dreieckfonnigem Querschnitt auf- 
weist, wobei die MaterialteBe so aneinander befestigt 
sind, daft die Nuten zueinander unter Bildung eines 
Kanals zugewandt sind, wobei zwei aneinander gren- 
zende Seiten derselben, die durch die jeweils ahn- 
lichen piezoelektrischen Materialteile vorgesehen 
sind, zusammen die Betatigungswand bilden. 

36. Impulsformig betriebene Tropfchen-Nieder- 
schlagvorrichtung nach einem der Anspruche 32 bis 
35, dadurch gekennzeichnet, da& die Betatigungs- 
wand mit einem inaktiven Zwischen-Wandabschnitt 
ausgestattet ist, und zwar zwischen den oberen und 
den unteren entgegengesetzt orientierten Wandtei- 
len. 

37. Impulsformig betriebene Tropfchen-Nieder- 
schlagvorrichtung nach Anspruch 36, dadurch 
gekennzeichnet, daft der inaktive Zwischen-Wan- 
dabschnitt wesentlich l§nger in Richtung zwischen 
den oberen und unteren Teilen ist als einer der oberen 
und unteren Wandteile. 

38. Impulsformig betriebene Tropfchen-Nieder- 
schlagvorrichtung nach einem der Anspruche 26 bis 
37, dadurch gekennzeichnet, da&die Duse (40, 618) 
und die Flussigkeit-Versorgungseinrichtung (42, 44, 
46) in dem Kanal an sich jeweils gegenuberiiegenden 
Enden verbunden sind. 

39. Impulsformig betriebene Tr6pfchen-Nieder- 
schlagvorrichtung nach einem der Anspruche 26 bis 
37, dadurch gekennzeichnet, daB die Flussigkeit- 
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Versorgungseinrichtung (743, 744) mit dem Kana! fur 
eine Flusigkertserganzung in demselben fiber die 
DQse verbunden 1st 

40. Impuisformig betriebene Tropfchen-Nieder- 
schlagvorrichtung nach einem der AnsprQche 26 bis 
39, dadurch gekennzeichnet, daB die innere und die 
£uBere Flache der Betatigungswand (500) in Drauf- 
sicht sinusfdrmig gekrummt ist 

41. Impuisformig betriebene TnSpfchen-Nieder- 
schlagvorrichtung nach Anspruch 40, dadurch 
gekennzeichnet, daB die innere und die auBere 
sinusformige gekrummte Wandflache der Betati- 
gungswand (500) parallel verlaufen. 

42. Impuisformig betriebene Trdpfchen-Nieder- 
schlagvorrichtung nach einem der AnsprQche 23 bis 
39. dadurch gekennzeichnet, daB das piezoelektri- 
sche Material aus Gadoliniummolybdat oder Ro- 
chelle-Salz besteht. 

43. Impuisformig betriebene Tropfchen-Nleder- 
schlagvorrichtung in Vielkanalausfuhrung, gekenn- 
zeichnet durch sich gegenuberiiegende Decken- und 
Bodenwande (602, 601) und durch Schubschwin- 
gungsart-Betatigungswande (603, 500) aus piezo- 
elektrischem Material, die zwischen den Decken- und 
Bodenwanden veilaufen und in Paaren aufeinander- 
folgender Betatigungswande angeordnet sind, um 
dadurch eine Vielzahl getrennter Flussigkeitskanale 
(613) zwischen den Wanden jedes der Paare zu defi- 
nieren, durch eine Duseneinrichtung (617) mit Dusen 
(61 6), die jeweils mit den Kanalen stromungsmaBig in 
Verbindung sind, durch eine FIQssigke'rt-Versor- 
gungseinrlchtung (42, 44, 46, 743, 744) zum Zufuhren 
von FIGssigkeit zu den Kanalen, zur Erganzung der 
Tropfchen, die aus den Kanalen ausgestoBen wur- 
den, und durch Feldelektrodenmittei (619, 621, 522, 
524, 526, 528), die an den Betatigungswanden vorge- 
sehen sind, um in diesen jeweils Betatigungsfelder 
auszubilden, wobei die Betatigungswande in Relation 
zur Richtung der Betatigungsfelder so angeordnet 
sind, daB sie durch die jeweiligen Betatigungsfelder 
seitiich abgeienkt werden, um eine Druckanderung in 
der Flussigkeit in den Kanalen zu bewirken, um 
dadurch einen TrfipfchenausstoB aus diesen hervor- 
zurufen. 

44. Impuisformig betriebene Tropfchen-Nieder- 
schlagvorrichtung in Vielkanalausfuhrung nach 
Anspmch 43, dadurch gekennzeichnet, daB die 
Kanale (613) um weniger als die Breite eines Kanals 
voneinander getrennt sind. 

45. Impuisformig betriebene Tr5pfchen-Nieder- 
schiagvorrichtung in Vielkanalausfuhrung nach 
Anspruch 43 oder 44, dadurch gekennzeichnet, daB 
die Boden- und Betatigungswande aus einem einzel- 
nen Materialstuckmitdem piezoelektrischen Material 
geformt sind. 

46. Impuisformig betriebene Tropfchen-Nieder- 
schlagvonichtung in Vielkanalausfuhrung nach ei- 
nem der AnsprQche 43 bis 45, dadurch 



gekennzeichnet, daB ein Dichtungsstreifen (541) 
sich Gber der Flache der Deckenwand, die zu den 
Betatigungwanden hinweist, erstreckt 

47. Impuisformig betriebene Tropfchen-Nieder- 
5 schlagvorrichtung in Vielkanalausfuhrung nach 

Anspruch 43 oder 44, dadurch gekennzeichnet, daB 
jede der Betatigungswande (500) mit einem oberen 
Teil und einem unteren Teil (502, 504) ausgestattet 
ist, wobei die Wandteile fur eine seitllche Schub- 
10 schwingungsart-Verschie bung relativ zu den Kanalen 
orientiert sind, um aus diesen den TropfchenausstoB 
zu bewirken. 

48. Impuisformig betriebene Tropfchen-Nieder- 
schiagvorrichtung in Vielkanalausfuhrung nach 

15 Anspmch 47, dadurch gekennzeichnet, daB die 
Deckenwand (602) und die oberen Teile (502, 605) 
der Betatigungswande aus einem einzigen Material- 
stQck geformt sind, welches piezoelektrisches Mate- 
rial enthalt,und dag die Bodenwand (601) und die 

20 unteren Teile (504, 607) der Betatigungswande aus 
einem weiteren einzelnen Stuck aus einem piezoelek- 
trischen Material geformt sind. 

49. Impuisformig betriebene Tropfchen-Nieder- 
schlagvorrichtung in Vielkanalausfuhrung nach ei- 

25 nem der AnsprQche 43 bis 48, dadurch 
gekennzeichnet, daB jeder Kanal in Langsrichtung in 
zwei Kanale durch eine inaktive Wand (630) aufgeteilt 
ist, die sich zwischen der Deckenwand und der 
Bodenwand und senkrechtzu diesen erstreckt 

30 50. Impuisformig betriebene Tropfchen-Nieder- 
schlagvorrichtung in Vielkanalausfuhrung nach ei- 
nem der AnsprQche 43 bis 49, dadurch 
gekennzeichnet, daB das piezoelektrische Material 
aus einem piezoelektrischen Keramikmaterial 

35 besteht, wie beispielsweise Bleizirkontitanat (PZT), 
welches in einer Richtung senkrecht zur Deckenwand 
und zur Bodenwand gepolt ist, und daB die Elektro- 
denmittel Elektroden (619, 621) umfassen, die an sich 
gegenuberliegenden Flachen der Betatigungswande 

40 vorgesehen sind, die senkrecht zur Deckenwand und 
Bodenwand angeordnet sind. 

51. Impulsfdrmig betriebene Tropfchen-Nieder- 
schlagvorrichtung in Vielkanalausfuhrung nach eh 
nem der AnsprQche 43 bis 49, dadurch 

45 gekennzeichnet, daB das piezoelektrische Material 
aus einem ungepolten kristallinen Material, wie bei- 
spielsweise Gadoliniummolybdat oder Rochelle-Salz 
besteht, und daB die Elektrodenmittel Elektroden 
(522, 524, 526, 528) umfassen, die senkrecht zu den 

50 Betatigungwanden und den Kanalen angeordnet 
sind. 

52. Verfahren zur Herstellung einer impuisformig 
betriebenen Tropfchen-Niederschlagvonichtung in 
Vielkanalausfuhrung, gekennzeichnet durch die fol- 

55 genden Verfahrensschritte : 

(a) es wind eine Bodenwand (601) mit einer 
Schicht aus einem piezoelektrischen Material 
hergestellt, 
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(b) es werden eine Vielzahl von parallel verlau- 
fenden Nuten (613, 615) in der Bodenwand so 
ausgebildet, daG sie sich durch die Schicht aus 
dem piezoelektrischen Material hindurch 
erstrecken, urn dadurch Wande (603) aus piezo- 
elektrischem Material zwischen aufeinanderfol- 
genden Nuten zu formen, wobei Paare von sich 
gegenuberiiegenden Wanden zwischen sich 
jeweils Flussigkeitskanale (613) definieren, 

(c) es werden Elektroden (619, 621 , 522, 524, 
526, 528) relativ zu den Wanden so in Lage 
gebracht, daG ein elektrisches Feld angeiegt wer- 
den kann, um eine Schubschwingungsart-Ver- 
schiebung der Wande quer zu den Kanalen zu 
bewirken, 

(d) es werden die Elektroden mit elektrischen 
Treiberschaltungsmitteln (625) verbunden, 

(e) es wird eine Deckenwand (602) an den Wan- 
den befestigt, um die Flussigkeitskanale zu ver- 
schlieGen, 

(f) es werden Dusen (618, 740) und eine Flussig- 
kelt-ZufOhreinrichtung (42, 44, 46, 743, 744) fur 
die Flussigkeitskanale vorgesehen. 

53. Verfahren nach Anspruch 52, dadurch 
gekennzeichnet, daG zwei Schichten aus dem piezo- 
elektrischen Material auf der Bodenwand vorgesehen 
werden und daG die Nuten so ausgebildet werden, 
daG sie sich durch beiden Schichten hindurch 
erstrecken, um die aufrechten Wande (603) vorzuse- 
hen, wobei obere und untere Abschnitte (605, 607) 
jeder der aufrechten Wande dazu dienen, dann, wenn 
Elektroden relativ zu diesen in Lage gebracht werden 
und sie elektrischen Feldern ausgesetzt werden, sich 
in der Schubschwingungsart auszulenken, und zwar 
in der gleichen Richtung quer zu den Kanalen. 

54. Verfahren nach Anspruch 52, dadurch 
gekennzeichnet, daG eine Schicht aus piezoelektri- 
schem Material auf jeder der Boden- und Decken- 
wand (601, 602) ausgebildet wird, daG ferner in 
entsprechenden Abstanden in jeder der Schichten 
des piezoelektrischen Materials eine Vielzahl von 
parallel verlaufenden Nuten (613, 615) ausgebildet 
werden, um dadurch aufrechte Wande (607, 605) auf 
der Bodenwand und an der Deckenwand vorzusehen, 
daG die Deckenwand an den aufrechten Wanden der 
Bodenwand dadurch befestigt wird, indem die auf- 
rechten Wande, die an der Deckenwand vorgesehen 
sind, an den entsprechenden aufrechten Wanden 
befestigt werden, die auf der Bodenwand vorgesehen 
sind, wobei die aufrechten Wande an der Decken- 
wand und die aufrechten Wande an der Bodenwand 
so gestaltet und angeordnet sind, daG dann, wenn ein 
elektrisches Feld an diese bzw. an die Elektroden der- 
selben angeiegt wird, die aufrechten Wande der 
Deckenwand und der Bodenwand in gleicher Rich- 
tung querzu den Kanalen ausgelenkt werden. 

55. Verfahren nach einem der AnsprOche 52 bis 
54, dadurch gekennzeichnet, daG eine aufrechte 



inaktive Wand (630) zwischen .den Wanden jedes 
Paares der Wande, zwischen denen die Kanale ange- 
ordnet sind, vorgesehen wird, um dadurch jeden 
Kanal in Langsrichtung in zwei Kanale aufzuteilen. 

5 56. Verfahren nach Anspruch 55, dadurch 

gekennzeichnet, daG die Elektroden relativ zu den 
inaktiven Wanden in Lage gebracht werden und daG 
die Elektroden wahrend des Betriebes auf gleichen 
Potentialen gehalten werden, um eine Schubschwin- 

10 gungsart-Verschiebung der inaktiven Wande zu ver- 
hindem. 

57. Verfahren nach einem der AnsprOche 52 bis 
56, dadurch gekennzeichnet, daG die Flussigkeit- 
Versorgungseinrichtung (42, 44, 46) an den Enden 

is der Kanale entfemt von den Dusen (618) vorgesehen 
ist 

58. Verfahren nach einem der AnsprOche 52 bis 
56, dadurch gekennzeichnet, daG die Flussigkeit- 
Versorgungseinrichtung (743, 744) an den jeweiligen 

20 Enden der Kanale nahe den Dusen (61 8, 740) vorge- 
sehen sind, um eine Erganzung der Flusslgkeit in den 
Kanalen, die uber die Dusen ausgestoGen wird, uber 
die Dusen vorzunehmen. 

59. Verfahren nach einem der AnsprOche 52 bis 
25 58, dadurch gekennzeichnet daG PZT als piezo- 

elektrisches Material verwendet wird. 

60. Verfahren nach einem der AnsprOche 52 bis 
58, dadurch gekennzeichnet, daG piezoeiektrisches 
kristallines Material, wie beispielsweise GMO oder 

30 Rochelle-Salz, als das piezoeiektrisches Material ver- 
wendet wird. 



Revendications 

35 

1 . Dispositif pour le depot de gouttelettes pulsees 
comprenant une buse d'ejection des gouttelettes de 
liquide (40, 618, 740), une chambre de pression (24, 
613) en communication avec ladite buse et a partir de 

40 laquelle ladite buse est alimentee en liquide pour 
rejection de gouttelettes, un actionneur a mode de 
cisailiement (30, 50, 60, 400, 500, 603) comprenant 
un materiau piezo-electrique polarise et des moyens 
d'electrode (38, 39, 58, 59, 68, 69, 68', 69'. 403, 404, 

45 405, 406, 522, 524, 526, 528, 619, 621) afin d'y appii- 
querun champ electrique, et des moyens d'alimenta- 
tion en liquide (42, 44, 46, 743, 744) afin de remplir 
de nouveau ladite chambre avec ledit liquide ejecte 
par ladite buse par le fonctionnement dudit action- 

so neur, caracterise en ce que ledit actionneur est ins- 
talls de telle maniere qu'il soit capable, soumis a un 
champ electrique applique entre iesdites electrodes, 
de se deplacer en rupture par rapport a ladite cham- 
bre en mode de cisailiement dans le sens (Y) dudit 

55 champ pour modifier la pression du liquide dans ladite 
chambre et provoquer ainsl rejection de gouttelettes 
par ladite buse. 

2. Dispositif pour le dep6t de gouttelettes pulsees 
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selon la revendication 1, caracterise en ce que ladite 
chambre comporte une parol laterale dont I edit action- 
neur forme au moins une partie, !e liquide de ladite 
chambre et ledit actionneur etant ainsi etroitement 
couples. 5 

3. Dispositif pourle depot de gouttelettes puisnes 
selon la revendication 2, caracterise en ce que ladite 
chambre est de section sensiblement rectangulaire 
formee par deux parois laterales longues opposees 

(26, 30, 26, 50, 26, 60, 26, 400, 603) et deux parois 10 
laterales opposees courtes (20, 22, 601, 602) et ledit 
actionneur forme au moins une partie de Tune desdi- 
tes parois laterales longues. 

4. Dispositif pourle depot de gouttelettes puisees 
selon Tune des revendications precedentes et dans 15 
lequei ladite chambre comprend un canal (24, 613), 
caracterise en ce que I'actionneur & mode de cisaaie- 
ment se situe dans une paroi en materiau piezo-elec- 
trique ayant des faces interieure et exterieure (35, 36, 

65, 66) s'etendant le long dudit canal et lesdits 20 
moyens d'eiectrodes comprenant des electrodes pla- 
cees sur et s'etendant au-dete de parties importantes 
desdites faces de paroi pour appliquer un champ elec- 
trique dans un sens transversal par rapport auxdites 
faces de paroi, ledit materiau piezo-electrique etant 25 
installs de maniere & pouvoir se deplacer en mode de 
cisaillement dans le sens dudit champ transversale- 
ment par rapport audit canal pour provoquer rejection 
de gouttelettes par ladite buse. 

5. Dispositif pourle dep6t de gouttelettes puisees 30 
selon la revendication 4, caracterise en ce que la 
paroi dudit actionneur s'etend sur une partie impor- 
tante de la longueur dudit canal & partir de ladite buse. 

6. Dispositif pourle dep6t de gouttelettes puisees 
selon la revendication 4 ou la revendication 5, carac- 35 
terise en ce que la paroi dudit actionneur en materiau 
piezo-electrique a des surfaces de bord paralleles 
sensiblement opposees s'etendant normalement 
auxdites faces de paroi interne et externe le long des- 
quelles elle est reliee audit canal de facon etanche au 40 
liquide. Tune desdites surfaces de bord etant rigide- 
ment reliee audit canal, avec un joint d'etancheite 
adaptable (54, 541) reliant Tautre dite surface de bord 
audit canal. 

7. Dispositif pour le depfit de gouttelettes puisees 45 
selon la revendication 6 dans lequei ledit canal est de 
section rectangulaire, ayant des parois inferieure et 
superieure opposees (20, 22) et des parois laterales 
opposees (50, 26) prises entre lesdites parois infe- 
rieure et superieure, Tune desdites parois laterales so 
formant la paroi dudit actionneur, caracterise en ce 

que ledit joint d'etancheite s'etend sur toute une sur- 
face de la paroi superieure joignant les parois latera- 
les. 

8. Dispositif pour le depdt de gouttelettes puisees 55 
selon la revendication 6 ou 7, et dans lequei ledit 
canal est de section rectangulaire ayant des parois 
superieure et inferieure opposees (20, 22) et-des 



parois laterales opposees (24, 30, 50, 24, 60, 24, 400, 
24), i'une desdites parois laterales servant de paroi 
dudit actionneur, caracterise en ce que lesdites parois 
inferieure et laterales sont formees d'une seule piece 
dans une matiere comprenant un materiau piezo- 
electrique. 

9. Dispositif pour le depdt de gouttelettes puisees 
selon la revendication 4, caracterise en ce que la 
paroi (30) dudit actionneur en materiau piezo-electri- 
que est formee avec des pieces superieure et infe- 
rieure orientees en vis-d-vis (32, 33) et les surfaces 
de bord opposees de ladite paroi de I'actionneur qui 
s'etendant normalement auxdites faces interieure et 
exterieure (35, 36) et longitudinatement par rapport 
audit canal sont fixees audit canal de facon etanche 
au liquide, de sorte que le champ electrique applique 
sert d fiechir transversalement ladite paroi de I'action- 
neur par rapport audit canal. 

10. Dispositif pour le depdt de gouttelettes pui- 
sees selon la revendication 9, caracterise en ce que 
ladite paroi (30) de I'actionneur est formee avec une 
piece inactive entre lesdites pieces orientees en vis- 
a-vis. 

11. Dispositif pour le depdt de gouttelettes pui- 
sees selon la revendication 4 ou 5, caracterise en ce 
que ladite paroi (60) de I'actionneur en materiau pie- 
zo-electrique est formee avec des surfaces de bord 
opposees s'etendant normalement auxdites faces 
interieure et exterieure (66, 65) et iongitudinalement 
par rapport audit canal (24) qui sont fixees audit 
canal, et en ce que lesdites electrodes comprennent 
deux paires d'eiectrodes oppos6es (68, 69, 68', 69'), 
une electrode de chaque paire etant montee et s'eten- 
dant Iongitudinalement sur chacune desdites faces 
interieure et exterieure de parol et lesdites electrodes 
sur la meme face de chacune desdites faces de paroi 
etant espacees transversalement de celles-ci, de 
sorte que des champs dans des sens opposes res- 
pects peuvent etre appliques k ladite paroi de 
I'actionneur entre les electrodes de chacune desdites 
paires d'eiectrodes opposees pour fiechir ladite paroi 
de I'actionneur transversalement par rapport audit 
canal. 

12. Dispositif pour le depdt de gouttelettes pui- 
sees selon la revendication 11, caracterise en ce que 
ladite paroi de I'actionneur est formee par des parties 
superieure et inferieure et d'une piece inactive entre 
lesdites parties superieure et inferieure. 

13. Dispositif pour le depdt de gouttelettes pui- 
sees selon I'une des revendications 9 £ 12 et dans 
lequei ledit canal est de section rectangulaire ayant 
des parois superieure et inferieure opposees (22, 20) 
et des parois laterales opposees (30, 26, 50, 26, 60, 
26, 400, 26), I'une desdites parois laterales consti- 
tuant ladite parol de I'actionneur, caracterise en ce 
que lesdites parois laterales et inferieure sont for- 
mees d'une seule piece d'un materiau comprenant un 
materiau piezo-electrique. 
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14. Dispositif pour le dEpdt de gouttelettes pui- 
snes selon Tune des revendications 9 a 12, caracte- 
ris6 en ce que ledit canal est foimE de deux pieces 
identiques (803) de materiau piezo-Electrique et cha- 
cune d'entre elles ayant un cfitE correspondant forme 
avec une gorge (801) general ement de section trian- 
gulate, lesdites pieces Etant fixees Tune a ('autre 
avec lesdites gorges en position de vis-a-vis pour for- 
mer ledit canal, dont deuxfaces contigues presentees 
par lesdites pieces identiques de materiau piezo-Elec- 
trique constituent ladite paroi de I'actionneur. 

15. Dispositif pour le depdt de gouttelettes pul- 
sees selon Tune des revendications 4 & 14, caractE- 
risE en ce que ladite buse (40, 61 8) et lesdits moyens 
d'alimentation en liquide (42, 44, 46) sont relies audit 
canal aux extremites opposees de celui-cL 

16. Dispositif pour le dep6t de gouttelettes pul- 
sees selon I'une des revendications 4 a 14, caractE- 
risE en ce que lesdits moyens d'alimentation en 
liquide (743, 744) sont reliEs audit canal pour le renv 
piissage de liquide au moyen de la dite buse (740). 

17. Dispositif pour ie depdt de gouttelettes pui- 
snes selon Tune des revendications 4 a 13, caractE- 
risE en ce que lesdites faces interieure et exterieure 
de ladite paroi de I'actionneur (30, 50, 60, 400) sont 
sinueuses dans une vue en plan. 

18. Dispositif pour le depdt de gouttelettes pui- 
snes selon la revendication 17, caractErisE en ce que 
lesdites faces exterieure et interieure sinueuses de la 
paroi de ladite paroi de I'actionneur (30, 50, 60, 400) 
sont paralleles. 

19. Dispositif pour le dep6t de gouttelettes pul- 
sEes selon Tune des revendications precedentes, 
caractErisE en ce que lesdites electrodes sont recou- 
vertes d'une couche de materiau ayant un module 
d'ElasticitE superieur a celui du materiau de I'action- 
neur pour augmenter la rigid ite en flexion dudit sys- 
teme de commande davantage que sa rigidite en 
cisaillement 

20. Dispositif pour le dep6t de gouttelettes pul- 
sEes selon la revendication 19, caractErisE en ce que 
ladite couche comporte une couche de materiau iso- 
lant 

21. Dispositif pour le depdt de gouttelettes pul- 
sEes selon Tune des revendications precedentes, 
caractErisE en ce que lesdites Electrodes sont d'une 
epaisseur superieure a eel le necessaire a leur fonc- 
fa'onnement Electrique. 

22. Dispositif pour le dEpdt de gouttelettes pui- 
snes selon Tune des revendications precedentes, 
caracterise en ce que le materiau piezo-eiectrique est 
une ceramique ferro-Electrique polarisee comme du 
titanate de zirconium-plomb (PZT). 

23. Dispositif pour le dEpdt de gouttelettes pui- 
snes comprenant une buse dejection de gouttelettes 
de liquide (40), une chambre de pression (24) en 
communication avec ladite buse eta partir de laquelle 
ladite buse est alimentee en liquide pour rejection de 



gouttelettes, un actionneur a mode de cisaillement 
(500) comprenant un materiau piezo-Electrique et des 
moyens d'Electrodes (522, 524, 526, 528) pour y 
appliquer un champ electrique, et des moyens d'ali- 

5 mentation en liquide (42, 44, 46, 743, 744) pour le 
rempiissage en liquide de ladite chambre apres ejec- 
tion du liquide par ladite buse dOe au fonctionnement 
dudit actionneur, caracterise en ce que ledit action- 
neur comprend un materiau cristallin nom-polarisE 

10 oriente pour un dEplacement en cisaillement, sous un 
champ electrique applique par lesdits moyens d'elec- 
trodes, transversalement par rapport audit champ, et 
place de man fere a pouvoirse dEpIacer relativement 
a ladite chambre lorsqu'il est soumis audit champ 

is electrique pour modifier la pression dans la chambre 
et provoquer ainsi rejection de gouttelettes par ladite 
buse. 

24. Dispositif pour le depdt de gouttelettes pul- 
sees selon la revendication 23, caracterise en ce que 

20 ladite chambre comporte une paroi laterale dont ledit 
actionneur (500) forme une partie au moins, le liquide 
de ladite chambre et ledit actionneur Etant ainsi Etroi- 
tement couples. 

25. Dispositif pour le dEpdt de gouttelettes pul- 
25 sees selon la revendication 24, caracterise en ce que 

ladite chambre est gEnEralement de section rectan- 
gulaire formee par deux longues parois laterales 
opposEes (26, 500) et deux parois laterales courtes 
opposEes (20, 22, 601, 602) et que ledit actionneur 
30 fait au moins partie de Tune desdites parois laterales 
longues. 

26. Dispositif pour le dEpdt de gouttelettes pui- 
snes selon i'une des revendications 23 a 25, et dans 
lequel ladite chambre comporte un canal, caracterise 

35 en ce que ledit actionneur a mode de cisaillement est 
une paroi (500) en materiau piezo-Electrique ayant 
des faces interieure et exterieure s'Etendant le long 
dudit canal et lesdites Electrodes sont disposEes nor- 
malement auxdites faces pour produire un champ 

40 Electrique dans un sens longitudinal de ladite paroi, 
ledit materiau piezo-EIectrique Etant oriente de 
maniEre £ pouvoir se dEplacer en mode de cisaille- 
ment dans un sens transversal par rapport au sens 
dudit champ et audit canal provoquer rejection de 

45 gouttelettes par ladite buse. 

27. Dispositif pour le dEpdt de gouttelettes pul- 
sEes selon ia revendication 26, caractErisE en ce que 
ladite parol (500) de I'actionneur s'Etend sur une par- 
tie importante de la longueur dudit canal a partir de 

so ladite buse. 

28. Dispositif pour le dEpdt de gouttelettes pul- 
sEes selon la revendication 26 ou 27, caractErisE en 
ce que ladite parol de I'actionneur a des surfaces de 
bord sensiblement parallEies opposEes s'Etendant 

55 normalement auxdites faces interieure et exterieure 
de paroi le long desquelies elle est reliEe audit canal 
de fagon Etanche au liquide, Tune des surfaces de 
bord Etant fixEe audit canal, et un joint d'EtanchEitE 
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adaptable (54, 541) reliant I'autre dite surface de bord 
audit canal. 

29. Dispositif pour le dEpfit de gouttelettes pui- 
sEes selon la revendication 28 et dans ieque! ledit 
canal est de section rectangulaire ayant des parois 5 
supErieure et infErieure opposEes (20, 22) et des 
parois latErales opposEes (500, 26) prises entre les- 
dites parois supErieure et infErieure, Tune desdites 
parois latErales formant ladite paroi de I'actionneur, 
caractErisE en ce que ie joint (541) s'Etend sur toute 10 
une surface de la paroi supErieure joignant les parois 
latErales. 

30. Dispositif pour le dEp6t de gouttelettes pul- 
sees selon la revendication 28 ou 29, et dans lequel 
ledit canal est de section rectangulaire ayant des is 
parois supErieure et infErieure opposEes (20, 22) et 

des parois latErales oppos6es (26. 500), I'une desdi- 
tes parois latEraJes formant ladite paroi de I'action- 
neur, caractErisE en ce que lesdites parois latErales 
et infErieure sont formEes d'une seule piEce d'une 20 
matiEre comprenant un matEriau piezo-Electrique. 

31. Dispositif pour le dEpot de gouttelettes pui- 
snes selon la revendication 26, caractErisE en ce que 
ladite paroi de I'actionneur comporte une sErie d'Elec- 
trodes (522, 524, 526, 528) espacEes sur la longueur 25 
de ladite paroi. chacune d'entre elles Etant disposEe 
normalement auxdites faces intErieure et extErieure 

de la paroi et des Electrodes alternEes de ladite sErie 
sont relives Electriquement pour 1'application de 
champs Electriques dans des sens opposEs longitu- 30 
dinalement par rapport £ ladite paroi entre les Electro- 
des successives de ladite sErie. 

32. Dispositif pour le dEpfit de gouttelettes pul- 
sEes selon la revendication 26, caractErisE en ce que 

la paroi de I'actionneur est formEe de pieces supE- 35 
rieure et infErieure orientEes en vis-a-vis (502, 504) et 
les surfaces de bord opposEes de ladite paroi de 
I'actionneur qui s'Etendent normalement auxdites 
faces intErieure et extErieure et iongitudinalement par 
rapport audit canal sont fixEes audit canal de fagon 40 
Etanche au liquide de sorte que ledit champ Electrique 
appiiquE sert 6 flEchir les pieces de paroi dudit action- 
neur transversalement par rapport audit canal. 

33. Dispositif pour le dEpfit de gouttelettes pul- 
sEes selon la revendication 32, caractErisE en ce que 45 
chacune desdites pieces de paroi supErieure et infE- 
rieure est pourvue d'une sErie d'Electrodes (522, 524, 
526, 528) espacEes de facon correspondante sur la 
longueur de ladite paroi, chacune Etant disposEe nor- 
malement auxdites faces de paroi intErieure et extE- so 
rieure, et des Electrodes altemEes de chaque sErie 
sont reliEes Electriquement pour appliquer des 
champs Electriques en sens opposEs dans le sens 
longitudinal de ladite paroi entre des Electrodes suc- 
cessives, les sens des champs dans les piEces joi- 55 
gnant les parties de paroi supErieure et infErieure 
entre les paires d'Electrodes correspondantes des 
Electrodes de la sErie de la paroi supErieure et la sErie 



de la paroi infErieure Etant opposEs. 

34. Dispositif pour le dEpfit de gouttelettes puf- 
sEes selon la revendication 32 ou 33. et dans lequel 
ledit canal a une section rectangulaire ayant des 
parois supErieure et infErieure opposEes et des parois 
latErales opposEes, i'une desdites parois latErales 
formant ladite paroi dudit actionneur, caractErisE en 
ce que lesdites parois latErales et infErieure sont for- 
mEes d'une seule piEce d'un matEriau comprenant un 
matEriau piezo-Electrique. 

35. Dispositif pour le dEpfit de gouttelettes pui- 
sEes selon la revendication 32 ou 33, caractErisE en 
ce que ledit canal est formE £ partir de deux piEces 
de matEriau (803) comprenant un matEriau piezo- 
Electrique et chacune d'entre elles ayant dans un cdtE 
correspondant une gorge (801) gEnEraiement de sec- 
tion triangulaire, lesdites parties Etant fixEes ensem- 
ble avec lesdites gorges dans une disposition de 
vis-E-vis mutuel pour former ledit canal, dont deux 
faces jointives formEes respectivement par lesdites 
parties identiques en matEriau piezo-Electrique cons- 
tituant ensemble ladite paroi de i'actionneur. 

36. Dispositif pour le dEp6t de gouttelettes pul- 
sEes selon I'une des revendications 32 £ 35, caractE- 
risE en ce que ladite paroi de i'actionneur est formEe 
avec une partie de paroi intermEdiaire inactive entre 
lesdites parties de paroi supErieure et infErieure 
orientEes en vis-£-vis. 

37. Dispositif pour le dEpdt de gouttelettes pul- 
sEes selon la revendication 36, caractErisE en ce que 
ladite partie de paroi inactive intermEdiaire est sensi- 
blement plus longue entre lesdites parties supErieure 
et infErieure que I'une desdites parties de paroi supE- 
rieure et infErieure. 

38. Dispositif pour le dEpfit de gouttelettes pul- 
sEes selon I'une des revendications 26 £ 37, caractE- 
risE en ce que ladite buse (40, 618) et lesdits moyens 
d'alimentation en liquide (42, 44, 46) sontreliEs audit 
canal E ses extrEmitEs respectives opposEes. 

39. Dispositif pour le dEpdt de gouttelettes pul- 
sEes selon I'une des revendications 26 £ 37, caractE- 
risE en ce que lesdits moyens d'alimentation en 
liquide (743, 744) sont reliEs audit canal pour son 
remplissage en liquide par I'intermEdiaire de ladite 
buse. 

40. Dispositif pour le dEpfit de gouttelettes pul- 
sEes selon I'une des revendications 26 & 39, caractE- 
risE en ce que les faces extErieure et intErieure de 
ladite paroi du systEme de commande sont sinueuses 
dans une vue en plan. 

41. Dispositif pour le dEpdt de gouttelettes pul- 
sEes selon la revendication 40, caractErisE en ce que 
lesdites faces de parol intErieure et extErieure de 
forme sinueuse de ladite paroi de I'actionneur (500) 
sont parallEles. 

42. Dispositif pour le dEpfit de gouttelettes pul- 
sEes selon I'une des revendications 23 E 39, caractE- 
risE en ce que ledit matEriau piezo-Electrique est un 
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molybdate de gadolinium ou du sel de Seignette. 

43. Dispositif a reseau de canaux multiples pour 
le depot de gouttelettes puisnes, caracterise en ce 
que des parois superieure et inferieure opposees 
(602, 601) etdes parois d'actionneur a mode de cisail- 5 
lement (603, 500) en materiau piezo-eiectrique 
s'etendant entre lesdites parois superieure et infe- 
rieure et agencees en paires de parois successives 
d'actionneur pour determiner une plurality de canaux 

a liquide separes (613) entre les parois de chacune 10 
desdites paires, des moyens de buse (617) compre- 
nant des buses (618) communiquant respectivement 
avec lesdlts canaux, des moyens d'alimentation en 
liquide (42, 44, 46, 743, 744) pour alimenter lesdits 
canaux en liquide pour renouveiler les gouttelettes 15 
ejectees par lesdits canaux et des moyens d'electro- 
des (619, 621 , 522, 524, 526, 528) sur lesdites parois 
d'actionneur pour y former des champs de commande 
respectifs, lesdites parois d'actionneur etant dispo- 
ses par rapport au sens desdits champs de 20 
commande de maniere a etre flechies lateralement 
par lesdits champs de commande respectifs pour pro- 
voquer une modification de la pression du liquide 
dans lesdits canaux et permettre rejection de goutte- 
lettes. 25 

44. Dispositif a reseau de canaux multiples pour 
le depdt de gouttelettes puisnes selon la revendica- 
tion 43, caracterise en ce que lesdits canaux (613) 
sont separes de moins de la largeur d'un canal. 

45. Dispositif a reseau de canaux multiples pour 30 
le depOt de gouttelettes pulsees selon la revendica- 

tion 43 ou la revendication 44, caracterise en ce que 
lesdites parois inferieure et d'actionneur sont form6es 
d'une seule piece d'un materiau comprenant un mate- 
riau piezo-eiectrique. 35 

46. Dispositif a reseau de canaux multiples pour 
le depot de gouttelettes pulsees selon i'une des 
revendications 43 a 45, caracterise en ce qu'un joint 
d*etancheite (541) s'etend sur la surface de ladite 
paroi superieure faisant face auxdites parois d'action- 40 
neur. 

47. Dispositif a reseau de canaux multiples pour 
le depdt de gouttelettes pulsees selon la revendica- 
tion 43 ou la revendication 44, caracterise en ce que 
chacune desdites parois d'actionneur (500) est for- 45 
m6e d'une piece superieure et d'une piece inferieure 
(502, 504), lesdites pieces de paroi etant orientees 
pour un deplacement lateral en cisaillement par rap- 
port auxdits canaux pour effectuer rejection des gout- 
telettes. so 

48. Dispositif a reseau de canaux multiples pour 
le depOt de gouttelettes pulsees selon la revendica- 
tion 47, caracterise en ce que ladite paroi superieure 
(602) et lesdites pieces superieures (502, 605) desdi- 
tes parois d'actionneur sont formees d'une seule 65 
piece d'un materiau comprenant un materiau piezo- 
eiectrique, et ladite paroi inferieure (601) et lesdites 
pieces inferieures (504, 607) desdites parois d'action- 



neur sont egalement formees d'.une seule piece d'un 
materiau piezo-eiectrique. 

49. Dispositif a reseau de canaux multiples pour 
le depot de gouttelettes pulsees selon i'une des 
revendications 43 a 48, caracterise en ce que chaque 
canal est divise longitudinalement en deux canaux 
par une paroi inactive (630) qui s'etend entre lesdites 
parois superieure et inferieure et qui leur est normale. 

50. Dispositif a reseau de canaux multiples pour 
le depOt de gouttelettes pulsees selon I'une des 
revendications 43 a 49, caracterise en ce que ledit 
materiau piezo-eiectrique est une ceramique piezo- 
eiectrique comme du titanate de zirconium-piomb 
(PZT) poiarisee dans le sens normal auxdites parois 
superieure et inferieure et lesdits moyens d'eiectro- 
des comprennent des electrodes (619, 621) formees 
sur les faces opposees desdites parois d'actionneur 
disposees normalement auxdites parois superieure et 
inferieure. 

51 . Dispositif a reseau de canaux multiples pour 
le depOt de gouttelettes pulsees selon I'une des 
revendications 43 a 49, caracterise en ce que ledit 
materiau piezo-eiectrique est un materiau cristallin 
non-poiarise comme le molybdate de gadolinium ou 
le sel de Seignette, et lesdits moyens d'Electrode 
comprennent des electrodes (522, 524, 526, 528) dis- 
posees normalement auxdites parois d'actionneur et 
auxdits canaux. 

52. Precede de fabrication d'un dispositif a 
reseau de canaux multiples pour le depot de goutte- 
lettes pulsees, caracterise par les etapes de : 

(a) formation d'une parol inferieure (601) avec 
une couche de materiau piezo-eiectrique 

(b) formation d'un certain nombre de gorges 
paraiieies (613, 615) dans ladite paroi inferieure 
qui s'6tendent dans ladite couche de materiau 
piezo-eiectrique pour former des parois (603) en 
materiau piezo-eiectrique entre les gorges suc- 
cessives, des paires de parois opposees determi- 
nant entre elles des canaux respectifs de liquide 

(c) mise en place d'eiectrodes (619, 621, 522. 
524, 526, 528) par rapport auxdites parois de 
sorte qu'un champ eiectrique puisse etre appli- 
que pour realiser un deplacement en cisaillement 
desdites parois transversalement par rapport 
auxdits canaux 

(d) connexion de moyens de circuit eiectrique de 
commande (625) auxdites electrodes 

(e) fixation d'une parol superieure (602) sur les- 
dites parois pour fermer lesdits canaux a liquide 

(f) installation de buses (618, 740) et de moyens 
d'alimentation en liquide (42, 44, 46, 743, 744) 
sur lesdits canaux a liquide. 

53. Precede selon la revendication 52, caracte- 
rise en outre par le d6p0t de deux couches de mate- 
riau piezo-eiectrique sur ladite paroi inferieure et la 
formation desdites gorges de maniere a s'etendre a 
travers les deux couches pour former lesdites parois 
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verticales (603), avec les parties superieure et infe- 
rieure (605, 607) de chacune desdites parois vertica- 
les destinees torsque lesdites electrodes sont 
installees par rapport a celles-ci et soumises a des 
champs electriques d flechir en mode de cisaillement s 
dans le meme sens transversa! par rapport auxdits 
canaux. 

54. Procede selon la revendication 52, caracte- 
rise en outre par le depot d'une couche d'un materiau 
piezo-electrique sur lesdites parois inferieure et supe- 10 
rieure (601 , 602), la formation £ intervalles correspon- 
dants dans chacune des couches de materiau 
piezo-electrique d'une multiplicite de gorges paralle- 

les (613, 615) pour former des parois verticales (607, 
605) sur ladite paroi inferieure et ladite paroi supe- is 
rieure et la fixation de ladite paroi superieure auxdites 
parois verticales de la paroi inferieure par fixation des- 
dites parois verticales formees sur ladite paroi supe- 
rieure aux parois verticales correspondantes desdites 
parois verticales formees sur ladite paroi inferieure, 20 
les parois verticales de la paroi superieure et les 
parois verticales de la paroi inferieure s'adaptant de 
sorte que lorsqu'un champ electrique y est applique 
auxdites electrodes, les parois verticales desdites 
parois superieure et inferieure fiechissent dans le 25 
meme sens transversal par rapport auxdits canaux. - 

55. Procede selon Tune des revendications 52 a 
54, caracterise en outre par la disposition d'une paroi 
verticals non-active (630) entre les parois de chacune 
desdites paires de parois entre iesquelles sont ame- 30 
nages les canaux, pour diviser ainsi longitudinale- 
ment chacun desdits canaux en deux canaux. 

56. Procede selon la revendication 55, caracte- 
rise en outre par la disposition d'electrodes par rap- 
port auxdites parois inactives et le maintien pendant 35 
le fonctionnement, desdites electrodes a des poten- 

tiels egaux pour eviter un deplacement en mode de 
cisaillement desdites parois inactives. 

57. Procede selon Tune des revendications 52 a 

56, caracterise en ce que lesdits moyens d'alimenta- 40 
tion en liquide (42, 44, 46) sont places aux extremites 
des canaux, eloignes desdites buses (618). 

58. Procede selon Tune des revendications 52 a 
56, caracterise en ce que lesdits moyens d'alimenta- 

tion en liquide (743, 744) sont places aux extremites 45 
respectives desdits canaux, adjacents auxdites 
buses (618, 740) pour le remplissage au moyen des- 
dites buses desdits canaux en liquide expulse par les- 
dites buses. 

59. Procede selon Tune des revendications 52 a so 
58, caracterise en ce que le materiau piezo-electrique 
utilise est du PZT. 

60. Procede selon I'une des revendications 52 a 
58, caracterise en ce qu'un materiau cristaliin piezo- 
electrique comme le molybdate de gadolinium ou le 55 
sel de Seignette est utilise comme materiau piezo- 
electrique precite. 
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